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PATENT SPECIFICATION 

(21) Application Nos. 13399/74 and 13400/74 

(22) Filed 26 March 1974 

(23) Complete Specification filed 25 March 1975 
(44) Complete Specification published 22 Feb. 1978 

(51) INT CL' C07C 177/00; A61K 31/19. 31/215//C07F 1/00. 7/08 

(52) Index at acceptance 

C2C 1 175 1 176 200 201 204 20Y 21X 225 227 22X 22Y 231 
237 24X 26X 29X 29Y 302 304 306 30Y 313 315 
31Y 323 32Y 339 351 353 355 35Y 360 361 362 363 
364 366 367 368 36Y 386 389 401 409 40Y 431 435 
449 490 491 49X 500 506 507 509 SOY 61Y 620 623 
625 628 633 634 643 652 655 658 659 65X 662 66Y 
734 772 790 79Y BW LD UF UN UT YA YF 

C2J 4 7A 7Y 

C3S 3B 3D 5 6 7B 
(72) Inventors ARTHUR FREDERICH MARX and JEAN 
DOODEWAARD 

(54) PROSTAGLANDIN DERIVATIVES 
AND THEIR PREPARATION 

(71) We GIST-BROCADES N.V.. a Dutch Body Corporate of 
Watcnngseweg I. Delft, Holland, do hereby declare the invention for which we 
pray that a patent may be granted to us. and the method by which it is to be 
performed, to be particularly described in and by the following statement — 

This invention relates to new therapeutically useful prostaglandin derivatives 
to a new microbiological process for their preparation, to pharmaceutical 
contlitlon?"^ containing them and to their use in treating bronchospastic 

The prostaglandin derivatives of the present invention are 18^-, 19^- and 201- 
hydroxyprostaglandin derivatives of the general formula I, 
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vvherem the dotted line in the position 8—12 indicates the optional presence of a 
double bond, the wavy lines in position 15 indicate that the hydroxyl group and the 
group R. are cither in the ^- or;>-configuration and Z represents a —CH,CH,— or 
' — CH=CH— group, and wherein R represents one of the groups- 



-CI^CKHjK, 



(t) 



(wherein the wavy lines indicate that the hydroxy! groups are either in the ^- or/3- 
r™!"""?" °-.k''"'^ represents a hydrogen atom, a methyl or ethyl group). 
represents either an oxygen atom or a ,3- or .r-hydrogen atom and an or «- 
hydroxyl group R, represents a hydrogen atom or a hydroxyl group and R. 
represents a hydrogen atom or a methyl group, with the proviso that (i) when R. 
H^.,Ki K represents a hydrogen atom, R, represents an oxyien atom a 

double bond IS in the 8-12 position and the 15-lJydroxyl group is in the T.- or ,1- 
r^nrif^nf °"k 5 '^^^ represent the group (b), and (ii) when R.. R, and R, each 
represents a hydrogeti atom R, represents an oxygen atom, the I5-hydroxyl group 
IS in the a-configuration. Z represents a cis — CH=CH— group and the 1-12 
dSrbondln'iti* Tiimtscui the group (a), and (ilD^^when there is a 

double bond in the 8—12 position. R, does not represent a hydroxyl group and (iv) 
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when there is a double bond in the 8 — 12 position, docs not represent a j5- or or- 
hydrogen and an cr- or /J-hydroxyl group; and the pharmaceutically acceptable 
salts and alkyi esters thereof. 

The present invention provides also a process for the preparation of 18{-, 19(- 
and 20{-hydroxy-prostaglandin derivatives of the general formula lA 




wherein the dotted line in the position 8 — 12 indicates the optional presence of a 
double bond, the wavy lines in position 15 indicate that the hydroxyl group and the 
group R4 are cither in the or ^'J-configuration and Z represents a — CH^CHj — or 
10 a CI J — CH==CH — group, and wherein R represents one of the groups: 

-CWD^O^I 'Cf^CHCH^R, or 'CH^CWttti 

^ W ^ ft) ^ (c) 

(wh erein the wavy lines indicate that the hydroxyl groups are either in the />- or /i- 
configuration and represents a hydrogen atom, a methyl or ethyl group), R, 
represents either an oxygen atom or a /5- or /^-hydrogen atom and an or /i- 

15 hydroxyl group, Rj represents a hydrogen atom or a hydroxyl group and R^ 

represents a hydrogen atom or a methyl group, with the proviso that (I) when there 
is a double bond in the 8 — 12 position, Rj docs not represent a hydroxy! group and 
(2) when there is a double bond in the 8 — 12 position, R^ does not represent a /J- or 
'j'-hydrogen and an a- or ^-hydroxyl group; which comprises subjecting a 

20 compound of the general formula II, 

II 




wherein the dotted line in the position 10 — 11 indicates the optional presence of a 
double bond in which case the 8 — 12 position is saturated and R3 represents 
hydrogen, and the other symbols are as deflned above, to the hydroxylating 

25 activity of (i) microorganisms (or enzymes thereof) of the Division of Eimiycota or, 2: 

(ii) when it is desired to prepare an 18- or 19-hydroxy prostaglandin derivative, 
microorganisms (or enzymes thereof) of the Family of Streprorti^cetaceae and, if 
desired, converting the resulting hydroxy-prostaglandin derivative of formula I 
into a pharmaceutically acceptable salt or alkyI ester thereof, with the proviso that 

30 when the microorganism is Cunninghamella blakesleena (ATCC 9245), the 3( 

compound of formula II is not ;5(S)-hydroxy-9-oxo-prosta-5(c), IO(t), I3(t)- 
trienoic acid (PGA^). 

The Euntycota used in this invention are of the Kingdom of Fungi, the Family 
of Streptomycetaceae used in the invention are of the Order Actinomy-cetales, Class 

35 Schizomycetes. Division Protophyta of the Kingdom of Plants. 3f 

The 18^-, 19^- and 20/-hydroxy-prostaglandin derivatives obtained can be 
converted into pharmaceutically acceptable salts and esters thereof, by reacting , 
the corresponding compound in the form of a free acid with a suitable organic or x^^ 
inorganic base, e.g. an amine or hydroxy amine or an alkali metal hydroxide, or 

40 ester-forming derivative to form, for example, a C, — C4 alkyl ester. 40 ^ 

Microbiological conversions of prostaglandins or of prostaglandin-type 
compounds have been described before, but these conversions usually relate to the 
reduction of 0x0 groups, mostly by bacteria or yeasts, for example tfie conversion ^ 
of 9,l5-dioxo-l l-hydroxyprosta-8(l2),13(t)-dienoic acid by Flmobacterium and 

45 Pseudomonas species into 9-oxo-n,15.dihydroxyprosta-8(I2),l3(t)-dienoic acid 45 

(M.Miyano et ai. Chem. Comm. (1971), 425). 

U.K. Patent Specification No. 1.400,936 describes the fermentative reduction 
of the 10(1 1) double bond in PGA-type prostaglandins, sometimes accompanied 
by concomitant transformations, such as reduction of the 13(14) double bond or 
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oxidation of the l5-hydroxyl group to a 15-oxo group. In one particular case, viz. 
reduction of the 10(1!) double bond in 9-oxo-15a-hydroxyprosia-5(c)JO,I3(t)- 
trienoic acid (PGA,) with Cunninghamella btakesleeana (AlCC 9245). an 18- 
hydroxy! proup is introduced. 

The l9-hydroxyl derivatives of PGB, (9-oxo-15a-hydroxy-prosta-8(12),13(t)- 
dienoic acid) and PGB, (9-oxo-15rr-hydroxyprosta-5,(c), 8(12), 1 3(t)-irienoic acid) 
are described by S. Bcrgstrom, Science 157, p. 382 ff (1967). 

Prostaglandins are members of a new hormonal system with a remarkable 
range of biological and pharmaceutical properties. These compounds belong to a 
group of chemically related 20-carbon chain hydroxy fatty acids containing a five 
membered ring in the structure and different degrees of unsaturation, a number of 
which have been reported in the literature. For a review on prostaglandins and the 
definition of primary prostaglandins, see, for example, S. Bergstrom, Recent 
Progress in Hormone Research, 22, pp. 153 — 175 (1966) and Science, 757, p. 382 ff 

(1967) by the same author. 

Prostaglandins are widely distributed in mammalian tissues and have been 
isolated from natural sources in very small amounts. In addition, a number of the 
naturally occurring prostaglandins have been prepared by chemical synthesis; 
note, for example, J. Am. Chem. Soc, 91, p. 5675 ff (1969); J. Am. Chem. Soc, 92, 
p. 2586 ff (1970) and J. Am, Chem. Soc, 9i, pages 1489—1493 (1971) and 
references cited therein; W. P. Schneider et ai, J. Am. Chem. Soc, 90, p, 5895 ff 

(1968) ; U. Axen et al., Chem. Commun., p. 303 ff (1969) and W. P. Schneider, 
Chem. Commun. p. 304 ff (1969). 

Because of the remarkable range of biological and pharmacological 

f properties exhibited by this family of compounds, a great deal of interest has 
ocused upon such compounds, and the preparation of analogs of such 
compounds. 

The 18{-, 19^- and 20{-hydroxy-prostaglandin derivatives of general formula I 
are potent agents in the treatment of bronchial asthma and other bronchospastic 
conditions. They have considerable relaxant activity on respiratory smooth 
muscle, whereas they were found, in general, to be devoid of appreciable activity 
on the intestinal and uterine smooth muscle, as well as of appreciable irritant 
activitv at the site of application. 

Tne utility of various prostaglandins and prostaglandin-derivatives presently 
in clinical use is limited due to the occurrence of undesirable side-effects, such as 
diarrhoea, abdominal cramps and/or irritation at the site of application. 

The selective activity of the hydroxy-prostaglandin derivatives of the present 
invention was established by a multiparameter guinea-pig lest. In this test guinea- 
pigs weighing 600 — 900 g are anaesthetized with sodium pentobarbitone (45 mg/kg, 
i.p.). Supplementary doses of sodium pentobarbitone (3 — 6 mg i.v,) are 
administered when required (i.e. when spontaneous respiration appears). The 
jugular vein is cannuiated for the administration of drugs. The guinea-pig is 
artifically respired with NjO/O^ (7/3), using a Kcuskamp respirator. 

Then the following functions are measured: 

a. Blood pressure. 

The common carotid artery is cannuiated and the blood pressure measured 
with a pressure transducer. 

h. Bronchial resistance and tracheal segment pressure. 

A cannula is inserted into the trachea as close as possible to the thorax. The 
guinea-pig is artifically ventilated at 55 strokcs/min. The pressure changes, 
assumed to be due to changes caused by the bronchioles, are measured by a 
pressure transducer attached to a side arm of the cannula. The trachea is occluded 
at its lower end with a blind-ended cannula, while a cannula is further introduced 
into the trachea as close as possible to the larynx. The system is completely filled 
with saline, and connected to a very sensitive pressure transducer. Changes in the 
pressure measured (cm HjO) are assumed to reflect changes in the tone of the 
smooth muscle of the trachea. The trachea segment cannula is inserted with 
extreme caution so as to avoid disruption of the nerve or blood supply to the 
segment. 

c. Measurement of intestinal motilitv. 

A balloon, containing distillecl water and connected to a pressure transducer, 
is inserted in the duodenum of the guinea-pig. Care is taken on ligaturing the 
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cannula to avoid stricture of the duodenum. The balloon is at a pressure of 10--20 

mm Hg. . 

d. Measurement of uterine motility. 

A polyethylene cannula is inserted into the uterus via the vagina to a depth of 
V"? " °^ ^J^^ ^ the cervix* The cannula!! 

parS\'t iVeErro^.riJrri'll: "'"'^ ''^'"^ "^'"^ ""^^ -'^^ ''''-^^ 
The present hydroxy-prostaglandin derivatives compare favourably in this 
niultiparameter test with well-known prostaglandins, such as PGF„ and PGE. al 
IS demonstrated for some compounds of this invention by Table I. 

TABLE 1 

Guinea-pig multiparameter test. 

BRON- INTEST- 
TRACHEAL CHIAL 



COMPOUND 


DOSE 
in//g 


segment 
pressure 


resis- 
tance. 


contr- 
actions 


contrac 
tions. 




20 


+ 


+ 


+ 


++ 


PGE, 


5 




0 


+ 


0 


9-oxo- 1 5a. 1 8^-dihydroxy- 
prost- 1 3(t)-enoic acid 


100 




0 


0 


0 


9-oxo-15ar,I9i-dihydroxy- 
prost-l3(t>-enoic acid 


100 




0 


0 


0 


9^,l5a,18/-trihydroxy- 
prost- 1 3(t)-enoic acid 


SOO 




0 


0 


0 


9^,l5<».l9f-trihydroxy- 
prost-1 3(t)-enoic acid 


500 




0 


0 


0 


9/},15ar.20-trihydroxy- 
prost-1 3(t)-enoic acid 


500 




0 


0 


0 



r..«:I,, r*'^, °^ J^^ - and 20/-hydroxy-prostaglandin derivatives on the 

resp ratory tract musculature was further confirmed by determination of their 
ability lo antagonise histamine-induced bronchoconstriction. Th s tes fe a 
^n\t fT'?l guinea-pig multiparameter test, cannulations being carried out 
resUtance pressure, tracheal segment pressure an^d bronchid 

Kistamine was injected i.v. in a dose of 4 iig (as base) at regular intervals 
throughout the experiment. If extra doses of sodium pentobarbitone had to be 
admmmered during the course of the experimenr to suppress voVntarv 
respiration, the interval to the next dose cf histamine was lengthened 

less Jlian oTiSi?"?-?, TT/"^"^'''' before histamine in volumes 

ess than 0.5 ml. The substances were washed in w th 0.3 ml sterile saline The 

iompoS.'"^ ^'^"^ over-ventilated one minute prior to injection of The Test 
7^^, ability of the compounds to counteract histamine-induced broncho- 

fvvo Hoc"}" ^r^^ '^^^f'^^' "g'"^"^ P'-«S"re was determined using 

two dose levels — a low one and a high one ^ 

usinB^PGE*'L'^h/r^filL°.'l'^^^ with compounds according to this invention, 
using fot, as the reference compound, are shown in Table 2. 
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. TABLE 2 

Antagonism of Histamine-induced Broncho-constriction (guinea-pig). 



DOSE % INHIBITION 

COMPOUND in/ig (±S.D.») 



PGEj 


0.1 


27.6 (± 10.5) 




1.0 


53.2 (± 14,8) 




5.0 


about 88 


9-oxo- 1 Sor, 1 8^-dihydroxy-prost- 
l3(t)-cnoic acid 


I.O 


25.9 (± 6) 




100 


about 80 


9-OXO- 1 5a, 19^-dinydroxy-prost- 
1 3(t)-enoic acid 


1 


23.9 (± 13.4) 




too 


88.1 (± 5.0) 


9/3, 1 5a, 1 8/-trihydroxy-prost- 
l3(t)-enoic acid 


100 


28.1 (± 15.2) 


9/J, 1 5a, l9f-lrihydroxy-prost- 
13(i)*enoic acid 


100 


62.5 (± 6.6) 


9/}, I5a,20-trihydroxy-prost- 
1 3(t)-enoic acid 


100 


52.9 (± 17.9) 


9a, ! 5^, 1 9j{-t rihydroxy-prost- 
13(t)-enoic acid 


500 


about 60 


9-oxo-I5fl,I9i-dihydroxy-prost- 
l3(thenoic acid 


500 


about 85 


9-oxo- 1 5a, 1 9^-dihydroxy-prosta- 


1 




9-oxo- 1 5a,20-dihydroxy-prosta- 
5(c)J3(t)-dienoic acid 


1 


60.7 (± 14.6) 


9-oxo- ! la,15a,18^-trihydroxy- 
prost-I3{t)-cnoic acid 


1 


about 70 


9-0X0-1 laJ5aJ9f-lnhydroxy 
prost-i 3(t)-enoic acid 


1 


about 60 


9-oxo- 1 1 a, 1 5a, 1 8/-t ri hydrox Y- 
prosla-5(c),l3(t)-aienoic acid 


I 


about 35 


9-oxo-l la,15a,I9;-trihydroxy- 
prosta-5(c),13(t)-dicnoic acicf 


1 


about 70 



* S.D. is standard deviation i.e. the range within which changes are insignificant. 



The irritation at the site of application which is shown by various 
prostaglandins and prostaglandin derivatives can result in phlebitis at the site of 
Ijyf^^*^" persistant coughing if (as in the case for example with PGE. and 

PGEj) an aerosol is employed. 5 

This effect can be studied using the Draize scoring method for determining 
irritation following topical application in the rabbit eye. PGE, was used as the 
reference compound; I /ig/eye was the threshold irritant dose with this compound; 
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5 aft was dcfmitely irritant. Doses of the present hydroxy-prostarfandin dcnvati^^^^ 
V.E were equieffective or more effective than PGE. against Tustamine induced 
JroSchoconstriction. proved not to irritate the rabbit eye by topical apnhcat.on. 
The results for some compounds of the invention are given m Table 3. 



TABLE 3 



COMPOUND 


DOSE 
in ,/*g 


IRRITATION 


PGE, 


5 


YES 


9-oxo-l 5a, 19j-dihydroxy-prost- 
l3(t)-cnoicacid 


100 


NO 


9-oxo- 1 5tt .20-dihydroxy- 
prosta-5(c),l3(t)-dicnoic acid 


100 


NO 


9-oxo-l la.l5cr,19^-trihydroxy- 
prost-l3(t)-enoic acid 


25 


NO 


9-oxo-l la,l5a,19Mrihydroxv- 
prosta-5(c),13(t)-dienoic acid 


25 


NO 



From the results obtained it may be concluded in view of the explanations 
aiven above, that the ISl-, 19{- and 20^prostagland.n derivatives of the present 
fnvcmfon Se particularly iseful for the treatment of bronchial asthma and other 
bronchosoastic conditions. Their advantages over various of the presently 
SSaSfe prostaglandin derivatives, are that they either ^ave greater specifics 
(ix. less or absent activity on the intestines) or are less irntanl at the site of 

'''''' Specific new^'p^^^^ compounds of this invention are the 18f - 19jJ- and 

lO^.hydroxy derivatives of the foll6wing prostaglandins and prostaglandin-type 

compounds: . 
9-oxo-l la, 1 5a-dihydroxy-prost-13(t)-enoic acid; 
9-oxo-l la, 1 5a-dihydroxy-prosta-5(c),13(t)-dienoic acid; 
9a, 1 la.l5a-trthydroxy-prosta-5(c).13(t)-dicnoic acid; 
9-oxo-15a-hydroxy-prost-l3(t)-cnoic acid; 
9,»,15a- and 9;J,l5a-dihydroxy-prost-13(t)enoic acid; 
9-oxo-l5/J-hydroxy-Frost-13(l)-enoic ac.d; 
9a 15)3- and 98,15/J-dihydroxy-prost-13(t)-cnoic acid; 
9a'. 1 5cr-dihydroxy- 1 5/i-methyl-prost- 1 3(l)-enoic acid; 
9a,l5a-dihydroxy-20-ethyl-prost-l3(t)-enoic acid; 
9-oxo-l5a-hydroxy-15/i-methyl-20-ethyl-prost- 3(t -cnoic acid; 
9-oxo- 15/}-hydroxy-15rr-methyi-20-ethyl-prost-13(t)-eno.c acid; 
9a-l5a-dihydroxy-l5/3-mclhyl-20-ethyl-prosi- 3(t)-enoic acid; 
9a 15/3-dihydroxy-»5a.methyl-20-ethyl-prost-13(t)-enoic acid; „^„„,..,i 
Toecific prostaglandins and prostaglandin-type compounds of the general 
formufJ lI vvhich cIS be microbiologically hydroxylated according to the process 
of this invention include: 

9-oxo-l 5a-hydroxy-prosta-5(c), 10.1 3(i)-trienoic acid; 
9-oxo- 1 5a-hydroxy-prosta-5(c).8( 12), 1 3(t)-trienoic acid ; 
9-oxo-lla,l5a-dihydroxy-prost-13(t)-enoic acid; 
9-oxo-l la, 15a-dihydroxy-prosta-5(c),13(t)-dienoic acid; _ 
9a I la I5a- and 9/i,l la.l5'r-trihydroxy-prost-l3(t)-enoic acid; 
9a*lla'.l5a- and 9,1,na.l5a-trihydroxy-prosta-5(c).l3(t)-dienoic acid; 
, l5a-9/5.l5a-: 9a,l5,'?- and 9;.,l5,'5-dihydroxy-prost-13(t)-enoic acid; 

<//-9-oxo-l5a- and 15,'}-hydroxy-prost-13(t)-enoic acid; • 

dl-la I5a,9fi,l5a-, 9c>,l5/5- and ^i.'J.IS/Vdihydroxy-prosta-SCc).! 3(t)-dienoic acid. 

rf/-9-oxo-t5a- and 15/5-hydroxyprosta-5(c),l 3(t)-dienoic acid; 

<//-9a.l5a-dihydroxy- 1 5/5-methyl-prost-l 3(t)-enoic acid; 

dl-9a I5fi-dihydroxy-l5(r-methyl-prost-13(t)-enoic acid; 

d!-9R,l 5a-dihydroxy- 1 5;5-methyl-prost- i 3(t)-enoic acid ; 

rf/-9fl. 1 5a-dihydroxy- 1 Sa-mcthyl-prost- 1 3(t)-enoic acid ; 

.fl.oT.^vo.l S„.hvdroxv-l 5.»-mcthvl-prosi-l3(t)-cnoic acid; 
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e//-9-oxo-15j5-hydroxy-15a-mcthyl-prost-13(t)-enoic.aci^ : ; _ - : 

i//-9a, I SaKlihydroxy- 1 5/5-mcthyl-prosta-5(c), 1 3(t)-dicnoic acid ; 
rf/-9a,l5^-dihydroxy-15a-mcthyUprosta-5(c),l3(t)-dienoic acid; ' 
dl'9fi, 1 5a-dihydroxy- i 5^-nnethyl-prosta-5(c), 1 3(t)-dienoic acid ; 
5 rf/-9/3,15/J-dihydroxy-15a-methyl-prosta-5(cX13(t)-dienoic acid; i 

<//-9-oxo- 1 5cr-hydroxy- 1 5/5-mcthyi-prosta-5(c), 1 3(t)-dicnoic acid; 
rf/-9-oxo- 1 5^-hydroxy-l 5a-methyl-prosta-5(c), 1 3(t)-dienoic acid; 
rf/-9a,l5a,9^,15a'-,9a,l5/5-, and 9^.1 5/i-dihydroxy-20-niethyl-prost-13(t)-cnoic acid; 
<//-9-oxo-I5ar- and 15/5-hydroxy-20-mcthyl-prost-13(t)-enoic acid; 
10 dl-9a,[5a, 9p,15cr-, 9a,15/5- and 9/J,l5/J-dihydroxy-20-mcthyl-prosta-5(c),l3(t)- 1( 

dicnoic acid; 

rf/-9-oxo-15a- and 15^-hydroxy-20-methyl-prosta-5(c),13(t)-dienoic acid; 

rf/-9a,l5a. 9^1 5a-, 9q',15^- and 9/5,I5/J-dihydroxy-20-ethy(-prost.l3(t)-enoic acid; 

rf/-9-oxo-l5a'- and 15/5-hydroxy-20-ethyl-prost-13(t)-enoic acid; 
15 *//-9a,l5a-, 9/},15a-, 9a,15/J- and 9/J,15/5-dihydroxy-20-cthyl.prosta-5(c),13(t)- 15 

dienoic acid; ^ 

rf/-9-oxo-15ar- and l5/3-hydroxy-20-ethyl-prosta-5(c)J3(t)-dicnoic acid; 

dl-9a^ \ 5a'-dihydroxy- 1 5/5-mcthyl-20-mcthyI-prost- 1 3(t)-cnoic acid ; 

i//-9a,I5/}-dihydroxy-15a"mcthyl-20-methyl-prost-13(t)-enoic acid; 
20 <//-9y}, ! 5a-dihydroxy- 1 5/J-mcthy^20-methyl-prost- 1 3(t)-cnoic acid ; 20 

rf/-9/5,15/}-dihydroxy-15a-methyl-20-methyl-prost-I3(t)-enoic acid;* 

rf/-9-oxo- 1 5a-hydroxy- 1 5^methyl-20-methyl-prost- 1 3(t)-enbic acid ; 

i//-9-oxo-l5fl-hydroxy-15a-niethv|-20-methyl-prost-I3(t)-enoic acid; 

cil'9ct, 1 5cr-aihydroxy- 1 5/5-mcthyU20-nicthyi-prosta-5(c), 1 3(t)-dienoic acid ; 
25 <//-9a,l5^-dihydroxy-l5a-mcthyl-20-methyI-'prosta-5(c),13(t)-dienoic acid; 25 

dl'9/i, 1 5a-dihydroxy- 1 5/3-niethyl-20-methyl-prosta-5(c), 1 3(t)-dienoic acid ; 

c//-9/5,l 5/i-dihydroxy-l 5a-mcthyl-20-mcthyl-nrosta-5(c). 1 3(t)-dienoic acid; 

dl-9'0\0' 1 5a'-hydroxy- 1 5^-methyl-20-methyl-prosta-5(c), 1 3{i)-dienoic acid; 

rf/-9-oxo-15j3-hydroxy-I5fr-methyI-20-niethyl-prosta-5(c)J3(t)-dienoic acid; 
30 rf/-9a, 1 5a-dihydroxy- 1 5^-methyr-20-ethyl-prost- 1 3(t>enoic acid; 30 

dl-9a, 1 5;3-di hydroxy- 1 5a-methyl-20-ethyl-prost- 1 3(t)-enoic acid; 

<//-9/J,l5a-dihydroxy-l5/3-melhyI-20-ethyUprost-I3(l)-enoic acid; 

i//-9/J,l5/5-dihydroxy-15a-methyI-20-cthyl-prost-I3(t)-enoic acid; 

dl-9'Oxo- 1 5a-hydroxy- 1 5/5-niethyl-20-ethyl-prosi- 1 3(l)-enoic acid ; 
35 rf/-9-oxo- 1 S^hydroxy- 1 5rr-methyl-20-ethyl-prost- 1 3(t)-enoic acid ; 35 

dl'9a, 1 5cr-dihydroxy- 1 5/5-mcthyf-20-ethyl-prosta-5(c), 1 3(t)-dienoic acid ; 

dl-9a^ 1 5/J-dihydroxy- 1 5a-inethyl-20-ethyl-prosta-5(c), 1 3(t)-dienoic acid ; 

dl-9fi, 1 5a-dihydroxy- 1 5/5-methyl-20-cthyl-prosta-5(c). 1 3(t)-dienoic acid; 

f/A9/Jj5p-dihydroxy-15rr-niethyI-20-ethyI-prosta-5(c),13(i)-dienoic acid; 
40 (//-9-oxo-I5a'-hydroxy-l5/5-methyI-20-ethyl-prosta-5(c),I3{t)-dienoic acid; 40 

-oxo- 1 5j3-hydroxy- 1 5/T-methyl-20-ethyl-prosta-5(c), 1 3(t)-dienoic acid ; 
Some of the starting materials useful in preparing the novel l^l,-, l9-(- and 

20^-hydroxy-prostaglandin derivatives of general formula I are known substances, 

such as: 

45 9-oxo-I5a-hydroxy-prosta-5(c),IO,l3(tHrienoic acid (PGAj); 45 

9-oxo-15a-hydroxy-prosta-5(c),8(12)J3(l)-trienoic acid (PGBj): 

9-oxo-Ha,15a-dihydroxy-prost-13(t)-enoic acid (PGE,): 

9-oxo-I la,I5a-dihydroxy-prosta-5{c),l3(t)-dienoic acid (PGE,); 

9/ir,l la.l5a-lrihydroxy-prost-l3(t)-enoic acid (PGF,^); 
50 lr^,15a-lrihydroxy-prost-l3(t)-enoic acid (PGFia); 50 

9jr,l Ia,i5a^-trihydroxy-prosla-5(c),13(t)-dienoic acid (PGFj„); 

9j3,l la,15a-trihydroxy-prosta-5(c),I3(l)-dicnoic acid (PGFj/i). 

Other starting materials in the process of this invention with the general 
formula III, 
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wherein Z, Rj, R, and R4 are as defined above, can be prepared according to the 
abbreviated schematic reaction sequence shown in Figure I, wherein each of the 
symbols A, B, IV and VtoIX represents compounds whose structures are shown in 
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Figure 2, wherein Z and Ri are as defined above, and the waved line in formula IV 
indicates a mixture of the a- and ^-isomer. 

The compounds of formula III (the free acids) are obtamed by alkaline 
hydrolysis of the corresponding methyl esters of the formulas V, VI, VIII and IX 
shown in Figure 2. . ^ ^ • t.- 

The compounds of formula A, wherein R, is as defined above, which are 
starting material in the reaction sequence shown in Figure 2, arc conveniently 
prepared according to the schematic overall reaction sequence shown in Figure 3. 
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The compounds of formula A can be prepared as follows: 

Step (a) can be carried out by treating the compounds of formula with 
acetylene in the presence of aluminium chloride at O^C to give the compounds of 
formula A,. The reaction is usually complete within four hours. 
5 Step (b) can be carried out by treating the compounds of formula A, with 5 

sodium iodide under anhydrous conditions and is typically conducted in acetone 
under reflux until the reaction is complete, usually from three to twelve hours, to 
obtain the compounds of formula A*. 

Step (c) can be carried out by treating compounds of formula A4 with sodium 
10 bis(2-mcthoxy cthoxy)aluminium hydride and subsequently with an acid, e.g., 10 

sulfuric acid, at O^'C to produce the compounds of formula Aj. 

Step (d) is conveniently effected by treating the compounds of formula A, 
with isopropenyl methyl ether in the presence of an acid catalyst e.g., dichloro- 
acetic acid or phosphorous oxychloride, at 0**C, The compound of formula Aj 
15 wherein R, is a hydrogen atom, is also disclosed by Klugc era/., J. Am. Chcm. Soc, \ 

94J827 (1972). 

Step (e) can be carried out by treating compounds of formula A, with t-butyl 
lithium at -78**C to give the compounds of formula A,. 

The last step of the above preparation, step (0, is conveniently effected by 

20 adding a solution of the compounds of formula Aj to a solution of copper pentyne 2 

and hexamethylphosphoroustriamide to give the compounds of formula A. The 
reaction may be carried out at ~78**C and is usually complete within one hour. 

The compounds of formula IV arc conveniently prepared by adding to the 
freshly prepared compounds of formula A, the preparation of which is described 

25 above, a compound ot formula B, described by Bagli et aL in Tetrahedron Letters, 2 

465 — 470 (1966). The reaction is conveniently carried out at -78*'C and gives a 
mixture of two isomers of formula IV. 

The compounds of formula V arc conveniently prepared by removing the 
ether protecting group by treating the above obtaineo mixture of compounds of 

30 formula IV with acetic acid at room temperature. The resulting mixture of the 3 

compounds of formula V can be separated into its isomers (15*t — OH and 
15^j — ;OH) by means of chromatography on silica gel using ethyl acetate/hexane of 
increasing polarity as solvent. 

The resulting compounds of formula V (15a — OH) can be converted to a 

35 mixture of the isomers of the compounds of formula VI (I5^i — OH, 9<y — OH and 3 

IS** — OH, 9p— OH) by treatment with sodium borohydride at 0**C. The reaction is 
usually complete within about 45 minutes. The mixture of isomei^ can then be 
chromatographed on silica gel using ethyl acetate/hexane of increasing polarity as 
the solvent to give the compounds of formula VI (\5a — OH, 9n — OH and 

40 15 ^ — OH, 9/^-- OH). In a similar manner, the compounds of formula V (IS/'i — OH) 4 

can be converted into the individual isomers, the compounds of formula VI 
(I5A— OH, 9a— OH and 15/5— OH, 9fi—OH). 

The resulting compounds of formula VI (I5^t— OH. 9n — OH or 15/) — OH, 
9,^ — OH) can be treated with 2,3-dichloro-5,6-dicyano-l ,4-benzoquinone for 36 

45 hours at room temperature in a benzene solution to give the compounds of 4 

formula VII {9a — OH). Similarly, substituting the compounds of formula VT 
(I5,:t — OH, 9/3— OH or 15/5— OH, 9,^— OH) for the compounds of formula VI 
(15'* — oh, 9a— OH) gives the compounds of formula VTI (9.^ — OH). 

Treatment of the compounds of formula V^II (9a — OH) with methyl- 

50 magnesium bromide in telrahydrofuran at -20^C for 45 minutes gives a mixture of 5< 

compounds of formula VIII (9u— OH. I5^r— OH, 155i— CH^ and 9r>— OH, 
15/5 — OH, 15a — CH,), which can be separated into individual isomers by 
chromatography on silica gel using ethyl acetate/hexane of increasing polarity as 
solvent. Substituting the compounds of formula VII (9/3 — ^OH) for VII (9^y — OH) in 

55 the above reaction gives the compounds of formula VIII (9/5 — OH, I5rr — OH, 5^ 

15/^CH, and 9/5— OH, 15,wOH, 15/r— CH3). 

The resulting compounds of formula VIIT (9.,— OH, 1 5a— OH, 15/J— CH,) 
can be treated with a suspension of Celite (diatomaceous earth) and chromium 
trioxide in anhydrous methylene chloride under nitrogen in the presence of 

60 pyridine for about one hour to give the compounds of formula IX (I5a — OH, 6< 

15/J— CH3). *'Celiie'' is a Registered Trade Mark. Compound IX can also be 
obtained by substituting the compounds of formula VIII (9;3 — OH, 15a — OH, 
IS^CH,) for the compounds of formula VIII (9a— OH, 15a— OH, 15,W CH3). 
Substituting the compounds of formula VIII (9a — OH, 15/i — OH, 15a — CHj or 

65 9^0H, 15/J— OH, 15ci— CH,) for the compounds of formula vm (9a— OH, 65 
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1 5a— OH. IS/J-^Hj) gives the compounds of formula IX (15/3— OH, 15a— CH,). 

The compounds of formulae V, VI, VIII and IX can be converted to their 
corresponding free acids by treatment with base, e.g., potassium hydroxide at 
room temperature for about 2 hours, to give the compounds of formula III. 

The preparation of certain intermediates used in the production of the 
hydroxy prostaglandins of the invention will now be described in the following 
Preparations. 

PREPARATION 1, 
This preparation illustrates methods for preparing (/M-pentynyM-[3-(2,2- 
methoxypropoxy)-rr£i/tr-l-decenyl]cuprate. (A, Ri^CjH,) 

(a) A solution of 200 ml of octanovl chloride (A<» R,=C,H,) in 750 ml of 
Carbon tetrachloride is cooled on an ice bath and treated with 214 g of aluminium 
chloride in three portions over a I hour period while acetylene is bubbled through 
the solution. The ice bath is removed and the reaction mixture stirred at room 
temperature for 3 hours with additional acetylene being added. At the end of this 
period, the reaction mixture is poured into 4 kg of ice. The organic layer is 
separated and the aqueous layer extracted twice with 500 ml of chloroform. The 
combined organic extracts arc washed once with 500 ml of water, dried over 
anhydrous sodium sulfate and concentrated in vacuo. Distillation of the residue 
gives 142 g of l-chloro-dec-/ra/i5-Uen-3-one, (A5. R.^QH,). 

(b) A solution of 142 g of the product of (a), 140 g of sodium iodide and 500 ml 
of acetone is refluxed under nitrogen for 4 hours. The acetone is then removed 
under reduced pressure and the residue dissolved in 500 ml of water. The mixture 
is extracted twice with 400 ml of ether, the ether extracts combined and washed 
with 5% aqueous sodium thiosulfate, then with saturated sodium chloride and 
finally dried over anhydrous sodium sulfate. The ether is removed in vacito to give 
l-iododec-trans-l-en-3-one (A4, R,=C2H3). 

(c) The crude product of (b) is dissolved in 750 ml of benzene, cooled on an 
ice bath under nitrogen and then treated with 140 ml of 65% sodium bis(2- 
methoxyethoxy)aluminium hydride over a one hour period. After stirring the 
mixture for an additional 30 minutes at O^'C, 38 ml of concentrated sulfuric acid in 
120 ml of water arc added. The reaction mixture is then filtered and the filtrate 
washed twice with 500 ml of saturated sodium chloride. The benzene is removed in 
vacuo and the residue distilled to give 159 g of £//-l-iodo-3-hydroxy-/ra/ij-I-decene, 
(A,, R.=QH,). 

(d) A solution of 5.64 g of the product of (c) in 8 ml of isopropenyl methyl 
ether is cooled to O^'C and treated with 5 drops of dichloroacetic acid. The ice bath 
is then removed and the reaction allowed to proceed at room temperature for I 
hour. Five drops of triethyl amine are then added and the excess isopropenyl 
methyl ether removed in vacuo to yield 7.5 g of rf/-l-iodo-3-(Umethoxy-l-methyi- 
ethoxyVrz-a^tj-l-decene, (Aj, R,=CjH3). 

(e) 7,5 g of the product of (d) are dissolved in 30 ml of diethyl ether and cooled 
to -78^C under .nitrogen. 32 ml of 1.25 N t-butyl lithium are then added over 30 
minutes while maintaining the reaction temperature near -70*'C. The reaction 
mixture is stirred at -78**C for 45 minutes to give i//-Mithio-3-(l-meihoxy-l- 
mcthyIethoxy)-/ra/ij-I-decene, (A,, R|=C2H5). 

(0 The resulting solution of lithium reagent is added to a solution of 2.60 g 
of copper pentyne and 7.9 ml of hexamethylphosphoroustriamide in 100 ml of 
diethyl ether, also at -78*'C. This mixture is allowed to stir at -78*'C for 15 minutes 
10 yield rf/-l-pentynyl-l-I3-(I-methoxy-l-methylcthoxyWr4j/ij-l-decenyI|-cuprate, 
(A, R,=QH,). 

Similarly, by substituting hexanoyl chloride and heptanoyl chloride for 
octanoyl chloride in step (a), and by following the procedure as described in steps 
(a) to (0 above, ^/-l-pentynyM.[3-(l-metlioxy-I-methylethoxy)-/ro/i5-l-octenyr]- 
cuprate, (A, R, = H), and </M-pentynyl-l-(3-(I-melhoxy-l-methylcthoxy)-rra/i5-l- 
nonenyll cuprate, (A, Rj^CHj), respectively are prepared. 

PREPARATION 2. 

This preparation illustrates methods of preparing methyl i//-9-oxo- l5'^(/'5)-(l- 
mcthoxy.l-methylcthoxy)-20-ethy^p^ost-13(t)-enoatc (IV, Rj^CjH,, Z^CHjCHj). 

In this preparation a solution of 4,0 g of 2-(6-carbomelhoxyhexyl)-cyclopent- 
2-en.I.one (B, Z^CHjCH^) in 10 ml of diethyl ether is added to a freshly prepared 
solution of dl' 1 -pentynyl- 1 -[3-( 1-methoxy- 1 -methylethoxy)-rrci/ij- 1 -decenyllcuprale 
(A, R,=C,Hj), prepared as described in Preparation i. The reaction mixture is 
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stirred at -78**C for 1 hour and then poured into 250 ml of ice water. The organic 
layer is separated and the aqueous layer extracted twice with 100 ml of diethyl 
ether. The combined organic layers are dried over anhydrous sodium sulfate and 
concentrated in vacuo to yield a mixture of methyl rf/-9-oxo- 1 Str- and 15^-(1- 
5 mcthoxy-l-methylethoxy)-20-ethyl-prost-13(t)-enoate. 5 

Similarly, by following the same procedure but replacing ^/-l-pentynyl-l-{3- 
(l-melhoxy-l-methylethoxy)-frflAi5-l-decenyllcuprate by <//-l-pentynyI-l - (3 - (l- 
methoxy-l-methylethoxy)-/ra«5-l-octenyl]cuprate or by c//-l-pentynyl-l - {3 • (1- 
methoxy-l-mcthylcthoxy)-rranj-l-noncnyl)cuprate, the foilowing compounds of 
10 formula IV are prepared: 10 

methyl d/-9-oxo-15ar- and 15Ml-methoxy-l-methylethoxy)-prost-13(t)-enoate 
methyl ^//-9-oxo-15a- and 15^-(Umethoxy-l-mcthylethoxy)-20-methylprost-13(t)- 
enoate. 

In a similar manner, by substituting 2-(6-carbomethoxy-2-c/5-hexenyl)-cyclo- 
15 pent-2-en-l-onc for 2-(6-carbomethoxynexyl)-cyclopent-2-en-l-one, a mixture of 15 

methyl rf/-9-oxo-15a- and 15^-(l-methoxy-l-mcthylethoxy)-20-ethyl-prosta-5(c), 
l3(t)-dienoate is obtained. 

Similarly, by substituting rf/-l-pentynyM-[3-(l-methoxy-l-mcthylethoxy)- 
trans- 1 -octenyUcuprate or dlA -pentynyl- 1 -(3-0 -raethoxy- 1 -methylethoxy)-rrart5- 
20 l-nonenyllcuprate and by substituting 2-(6-carbomethoxy-2-ri5-hexenyl)-cyclo- 20 
pent-2-en-l-.one for 2-(6-carbomethoxyhexyl)"Cyclopent-2-en-l-one and following 
the same procedure as described above the following compounds are obtained: 
methyl rf/-9-oxo-l5a- and I5/}-(2,2-mcthoxypropoxy)-prosta-5(c), 13(t)-dienoate, 
methyl <//-9-oxo-15a- and I5^-(l-methoxy-Nmethylethoxy)-20-methylprosta-S(c), 
25 13(t)-dienoate. 25 

PREPARATIONS, 
This preparation illustrates methods for removing the ether protecting group 
(l-methoxy-l-mcthylethoxy) from the products of formula IV of Preparation 2. In 
this preparation, the mixture of methyl d7-9-oxo-I5a-(l-methoxy-l-methyl- 

30 ethoxy)-20-ethyl-prost-l3(t)-enoate and methyl iff-9-oxo-15Ml-mcthoxy-l-mcthyl- 30 

ethoxy)-20-ethyl-prost-13(t)-enoate (IV, R.=QH,. Z=CH2CH2) obtained in 
Preparation 2 is dissolved in 50 ml of water, 30 ml of methanol and 20 ml of acetic 
acid and stirred at room temperature for I hour. The reaction mixture is diluted 
with 100 ml of water and extracted three times with 200 ml of diethyl ether. The 

35 etheral layers are washed with 500 ml of saturated sodium chloride, dried over 35 

anhydrous sodium sulfate and concentrated in vacuo. The resulting residue is 
chromatographed on 400 g of silica gel and eluted with 20% ethyl acetate — 
hexane (v/v), to give 2.509 g of methyri//-9-oxo-15^-hydroxy-20-ethyl-prost-13(t)- 
enoate (V, 15/J— OH, Ri^CjH^, Z^CH^CHj). Further elution with 25% ethyl 

40 acetate — hexane (v/v) gives 2.7 g of methyl rf/-9-oxo-l 5a-hydroxy-20-ethvl-prost- 40 

13(t)-enoate (V. I5a— OH, Ri=QH5, Z=CH,CHj). 

Similarly, by following the same procedure as above, the ether protecting 
groups are removed from the other ether protected products prepared in 
Preparation 2 to give the following compounds of formula V which can be 

45 separated into their optically pure isomers by thin-layer preparative 45 

chromatography as described above: 

methyl J/.9-oxo- 1 5^^- and l5/$-hydroxy-prost-13(t)-enoate; 
methyl rf-9-oxo-15a- and l5,^-hydroxy-20-methyl-prost-13(t)-enoate; 
methyl £//-9-oxo- 1 5a- and l5/3-hydroxy-20-ethyI-prosta-5(c).I3(t)-dienoate; 
50 methyl <y/-9-oxo-15a- and 15/i.hydroxy-prosta-5(cX13(t)-dienoate; 50 

methyl rf/-9-oxo- 1 5a- and 1 5/?-hydroxy-20-methyl-prosta-5(c),l3(t)-dienoate. 

PREPARATION 4. 
This preparation illustrates methods for preparing methyl dl'%y^5n- 
dihydroxy - 20 - ethyl - prost - I3(t) - enoate (VI. 15a— OH, 9a— OH, R,=CiHj, 
55 Z=CHXH,). and methyl <//-9'3J5a.dihydroxy'20-cthyl-prost-13(l)-enoate (VI, 55 

I5a— 6h, 9/J— OH, R,=QH3, i-CH.CH,). ^ 

In this preparation, a solution of 1.7 g of methyl ^/-9-oxo-I5a-hydroxy-20- 
ethyl-prost-13(i)-enoate, prepared as described in Preparation 3. in 100 ml of 
ethanol is cooled on an ice bath and treated with 0.50 g of sodium borohydride. 
60 After 45 minutes at 0°C the reaction is quenched by addition of 1 ml of acetic 60 

acid. The reaction mixture is then diluted with 100 mlof water and extracted three 
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times with 200 ml of ethyl acetate. The combined ethyl acetate extracts are 
washed with saturated aqueous sodium chloride, dried over anhydrous sodium 
sulfate and concentrated in vacuo. The residue is then chromatographcd on 300 g 
of silica gel. Elution with 25% ethyl acctate/hcxane (v/v) gives 425 mg of methyl 
(//-9a,15a-dihydroxy-20-ethyl-prost-13(t)-enoate. Further elution with 35% ethyl 
acetate/hexane (v/v) gives 1.12 g of methyl rfA9/3,15/*.dihydroxy-20-ethyl.prost- 
13(t)-enoate. 

In similar manner, bv substituting the other methyl ester 9-oxo-compounds 
prepared in Preparation J, i.e., 

methyl rf/-9-oxo- 1 5/5-hydroxy-20-ethyl-prost. 13(t>enoatc; 10 

methyl rf/-9-oxo- 1 5a-hydroxy-prost- 1 3(t)-enoate ; 

methyl ^/-9-oxo-15^-hydroxy-prost-I3(t)-enoate; 

methyl rf/-9-oxo- 1 5a-hydroxy-20-methyl-prost- 1 3(t)-enoate ; 

methyl ^/-9-oxo-15/5-hydroxy-20-methyl-prost-13(t)-enoate; 

methyl rf/-9-oxo- 1 5a.hydroxy-20-ethyl-prosta'5(c), 1 3(t)-dienoate; 1 5 

methyl 1 5/5-hydroxy-20-ethyl-prosta-5(c), 1 3(t)-dienoate; 

methyl t//-9-oxo-l 5a-hydroxy-prosta-5(c),13(t)-dienoatc; 

methyl ^/-9-oxo-l5/5-hydroxy-prosta-5(c).13(t)-dienoate; 

methyl rf/-9-oxo- 1 5a-hydroxy.20-methyl-prosla-5(c), 1 3(t)-dienoate ; and 

methyl rfA9-oxo-15^-hydroxy-20-methyl-prosta-5(c),l3(t)-dienoatc, for 20 

methyl <//-9-oxo-15a-hydroxy-20-ethyl-prost-l3(t)-enoate yields the following 
compounds of formula VI are prepared which are then separated into the 
optically pure isomers by thin-layer preparative chromatography, 

methyl dl'9a,\5p- and 9^,15/3-dihydroxy-20-ethyl-prost-13(t)-enoate, 

methyl «//-9a,l5a- and 9/5,l5a-dihydroxy-prost-13(t)-enoate, 25 
methyl d/'9ct,\5p- and 9i3.I5/3-dihydroxy-prost-13(t)-enoate, 
methyl (//-9a,15a- and 9^,l5n^-dihydroxy-20-methyl-prost-1 3(t)-enoate, 
methyl dl-9aA5fi- and 9/5,15/5-dihydroxy.20-methyl-prost-I3(t)-enoate, 
methyl (fA9cr,15a- and 9/J, l5iT-dihydroxy-20-ethyl-prosta-5(c),13(t)dienoate, 
methyl dl'9a,\S(i- and 9/3,15/5-dihydroxy-20-ethyl-prosta-5(c),l 3(t)-dienoate 
methyl dl'9a,\5a- and 9/5.l5a-dihydroxy-prosta-5(c).13(t>dienoate, 
methyl rf/-9a,I5^- and 9/3,1 5/5-dihydroxy.prosta-5(c),13(t)-dienoate. 
methyl di'9aJ5a' and 9/3,l5o'-dihydroxy-20-methyl-prosta-5(c),13(t)-dienoate, 
methyl dl-9aASfi' and 9/J.15/J-dihydroxy-20-methyI-prosta-5(c),l 3(t)-dienoate, 

PREPARATION 5. 35 
This preparation illustrates methods for preparing methyl rf/-9^-hydroxy-15- 
oxo-20.ethyl.prost-13(t)-enoate (VII, 9^— OH, R,=CaH.. Z=CHjCH,). In this 
preparation, a solution of 2,006 g of methyl i//-9a,15a-dihydroxy-20-ethy!-prost- 
1 3(t)-enoate, prepared as described in Preparation 4, in 100 ml of benzene is stirred 
with 3.5 g of 2,3-dichloro-5,6-dicyano-l,4-bcnzoquinone for 36 hours at room 40 
temperature. The reaction mixture is then diluted with 100 ml of benzene, washed 
with iOO ml of 5% aqueous sodium bisulfite. 200 ml of saturated aqueous sodium 
bicarbonate and dried over anhydrous sodium sulfate. The benzene solution is 
concentrated in vacuo and the residue chromatographcd on 300 g of silica gel 
Eluiion with 20% ethyl acetate/hexane (v/v) yields f. 1 88 g of methyl rf/-9^.hydroxy- 45 
1 5-oxo-20-ethyl-prost- 1 3(t)-enoate. 

In a similar manner, by substituting methyl </A9^,l5/3-dihydroxy-20-cthyl- 
prost.l3(t)-enoate for methyl rfA9^,15a'.dihydroxy-20-ethy|.prost-13(t)-enoate. 
methyl t^/-9cr-hydroxv-15-oxo-20-ethy|.prost-l3(t)-enoate is obtained. 

Similarly, by substituting 50 
methyl c//-9/3,l5a- or 9/5J5/J-dihydroxy-20-cthyl-prost-I3(t)-enoate or 
methyl ^//-9a.l5a- or 9cy,1 5/5-.dihydroxy-prost-13(t)-enoatc or 
methyl c//-9^.I5a- or 9/5,15/j-dihydroxy-prost-13{t)-enoate or 
methyl J/-9a,15a- or 9a.l5/5-dihydroxy-20-methyl-prost-13(t)-enoate or 
methyl dl'9/i, 1 5a- or 9^, 1 5,'3-dihydroxy-20-methyl-prost- 1 3(t).enoate or 55 
methyl t//-9a,l5a- or 9a,l5/^-dihydroxy-20-ethyI-prosta-5(c),I3(t)-dienoatc or 
methyl i//-9^,l5a- or 9/5,15/-dihydroxy.20.cthyl-prosta-5(c), (3(t)-dienoate or 
methyl i//-9a,l5a- or 9a,l5/J-dihydroxy.prosta-5(c),l3(t).dienoate or 
methyl ^//-9^,I5a- or 9/J,15/-dihydroxy.prosta-5(c).13(t)-dienoate or 

methyl rf/.9a,l5Q'- or 9rt'.l5^-dihydroxy-20-methyl-prosta-5(c),l3(t)-dienoatc or 60 
methyl f//-9y3,15a- or 9,^,15/5-dihydroxy-20-methyl-prosta-5(c)J 3(t)-dicnoate 
respectively, for methyl rf/-9a,15.y-dihvdroxy-20-ethyl-prost-I3(t)-enoate in the 
reaction, the following compounds of formula VII are obtained: 
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methyl <//-9^-hydroxy-15-oxo-20-ethyl-prost-13(t)-cnoate; 
methyl rf/-9£r-hydroxy-l 5-oxo-prost- 1 3(t)-enoate ; 
methyl ///-9fl-hydroxy-l 5-oxo-prost- 1 3(t}-enoatc; 
methyl rf/-9a-hydroxy-15-oxo-20-methyl-prost-13(t)-cnoatc; 

methyl <//-98-hydroxy- 1 5-oxo-20-inethyl-prost- 1 3(t)-enoatc ; 5 
methyl rf/-9a-hydroxy-l 5-oxo-20-ethy^prosta-5(c) 1 3(t)-dienoate ; 
methyl <//-9^-hydroxy- 1 5-oxo-20-ethyl-prosta-5(c), 1 3(t)-dienoatc ; 
methyl J^9a-hydroxy-15-oxo-p^osta-5(c) 13(t)-dienoate; 
methyl t//-9/3-hydroxy-l5-oxo-prosta-5(c),l3(t)-dienoate. , . 

methvl <//-9a-hydroxy-15.oxo-20.mcthyl-prosta-5(c) l3(t)-dienoatc; and 10 
methyl <//-9/J-hydroxy- 1 5-oxo-20-methyl-prosta-5(c), 1 3(t)-dienoate ; 
respectively. 

PREPARATION 6. , 
This preparation illustrates methods for preparing methyl f'^<*'\^^- 
1 5 dihydroxy- 1 5/J-methyl-20-ethyl-prost- 1 3(t)-enoate (^1". J«-OH. 1 S'*— OH, 

IS/J—CH,, R.=C,CH,), and its isomer methyl rf/-9«,15/}-dihydroxy-l5^-methyl- 
2oS;i-prost-13{t)-enoate. (VIII. 9^-OH, 15/J-OH, 15a-CH,. R.=QH„ 
Z— CH CH ) 

" In'this* preparation, a solution of 1 .188 ^ of methyl <f/-9rr-hydroxy-15-oxo-20- 
cthyl-prost-r3(t)-enoatc, prepared as described in Preparation 5 JO f ^t) 
letrahydrofuran is coolea to -30»C and treated w.th 6 0 ml of 3 N methyl - 
magnesiumbromidc in tetrahydrofuran. After stirrmg for 45 mmutes at -30 Qthe 
reaction is quenched by the addition of 3 ml of acetone and then POured into 200 ml 
of ice water. The aqueous solution is then extracted three times with 65 m of 
25 ethyl acetate and the combined ethyl acetate extracts washed with 300 ml of 25 

saturated aqueous sodium chloride. The organic layer is then dried over anhydrous 
sodium sulfate and concentrated in vacuo. The "^'t'i^oJf 
chromatographed on 350 g of silica gel. Elution with 20% ethyl acetate — hexane 
(v/v) gives O.M 1 g of methyl rf/-9^.I5/J-dihydroxy-15j»-mcthyl-2(^ethyl-prosM 
enoate. Further elution with 25% ethyl acetate — hexane (v/v) yields 0.454 g of 30 
methyl <//-9a.l5a-dihydroxy-15/J-methyl-20-ethyl-prost-13(l)-cnoate. 

In a similar manner, by substituting 
methyl <//-9/J-hydroxy- 1 5-oxo-20-ethyl- prost- 1 3(t>enoate ; 
methyl <//-9a-hydroxy- 1 5-oxo-prost- 13(t)-cnoate; 
35 methyl <//-9/}-hydroxy-15-oxo-prost-13(t)-enoate; 

methyl rf/-9a-hydroxy-l5-oxo-20-methyl-prost-13(t)-enoate; 
methyl <f/-9fl-hydroxy- 1 5-oxo-20-methyl-prost- 1 3(t)-enoate ; 
methyl <//-9a-hydroxy- 1 5-oxo-20-ethyl-prosta-5(c), 1 3(t)-dienoate ; 
methyl dl- 9/3-hydroxy- 1 5-oxo-20-ethyl-prosta-5{c), 1 3(t)-dienoate; 
40 methyl <//-9a-hydroxy-15-oxo-prosta-5(c).13(t)-dienoate; ^ 

methvl <//-9^-hydroxy-l5-oxo-prosta-5(c),13(t)-dicnoate; 
methyl <//-9a-hydroxy-15.oxo-20-methyl-prosta-5(c),13(t)-dienoate; and 
methyl <//-9/}-hydroxy-l5-oxo-20-methyl-prosta-5{c),l3(t)-d«enoate for 
methyl <//-9a -hydroxy- 15-oxo-20-cthyl-prost- 1 3(t)-enoate 
45 and following the procedure as described above, the following pair of compounds 43 

of formula VIII respectively, are obtained which are separated into their optically 
pure isomers by thin-layer chromatography; .,,,.v 
methyl rf/-9/5.15a-dihydroxy-15/J- and 15rr-methyl-20-ethyl-prost-13(t)-enoate, 
methyl rf/-9a,l5a-dihydroxy-l5,1- and l5^-mcthyl-prost-13(t)-enoate. 
50 methyl rf/-9/J.15o-dihydroxy-15,'}- and 15.r-methyl-prost-l3(t)-enoate. 3" 

methyl rf/-9a.l5a-dihydroxy-15,'i- and 15^.20-di-methyl-prost-13(t)-enoate. 
methyl rf/-9/J,15a-dihydroxy-15/5- and 15.N20-di-methyl prost-l3(t)-enoate 
methyl dl - 9a,15a - dihydroxy- 15,-5- and 15'r-methyl-20-ethyl-prosta-5(c).13(t)- 

55 methyl d?-9fi.\ 5,»-dihydroxy- 1 S,*?- and 1 5'y - methyl - 20 - ethyl - prosta - 5{c), 1 3(t)- 55 

dienoate, , v , ,/., j- 

methyl <//-9a,l5«-dihydroxy-l5/^- and 15'>-methyl-prosta-5(c) l3(t)-dienoate, 
methyl <//-9/J,15tt-dihydroxy-l5/5- and 15-r-mclhyl-prosta-5(c),13(t)-dicnoate, 
methyl d7-9«,l5a-dihydroxy-15/i- and 15/»,20-di-methy -prosta-5(c), 3(i)-d.enoate. 
methyl <//-9/J,15a-dihydroxy-15,'5- and I5^,20-di-methyl-prosta-5(c),13(t)-dienoatc. 60 

PREPARATION 7. 
This preparation illustrates methods for preparing methyl dl-9-oxo-\5n- 
hydroxy - 1 5/J - methyl - 20 - ethyl - prost - 13(t) - enoate (XI. 1 5rt— OH, 1 5(J— CH„ 
R,=C,H,. Z=CH,CH,). 
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In this preparation, a suspension of LOO g of CcUtc (diatomaceous earth), 
1,60 g of chromium tnoxide and 53 ml of anhydrous methylene chloride is stirred 
under nitrogen while 2.29 g of pyridine are added. The resulting suspension is 
stirred at room temperature for 30 minutes. A solution of 0.94 g of methyl 
<//-9cr,l5a-dihydroxy-l5y}-mcthyl-20-cthyl-prost-13(t)-enoate prepared as described 
m Preparation 6, in 5 ml of methylene chloride is added. After 30 minutes at room 
temperature, the reaction mixture is filtered through 50 g of alumina. The alumina 
IS washed several times with methylene chloride and the combined filtrates 
concentrated under reduced pressure to give 0.76 g of methyl rf/-9-oxo-l5*T- 
hydroxy-15^-methyl-20-ethyl-prost-13(t)-enoate. 

Similarly, by substitutinc methyl £//-9^,15/r-dihydroxy-l5/5-methyl-20-ethyl- 
prost-13(t)-enoate for methyl ^/-9rr.l5n'-dihydroxv-15/3-methyl-20-eihyl-prost-l3(t)- 
cnoate, methyl rf/-9-oxo-i5-»-hydroxy-l5/J-methyl-20-cthyf-prost-13(t)-cnoatc is 
obtained. 

In a similar manner, by substituting 
methyl i//-9a,l5/3- or 9/5,l5/5-dihydroxy-l5n'.methy|.20-ethyl-prost-13(t).enoate, 
methyl f//-9a,15/3. or 9/5,I5/5-dihydroxy.l5ar-methyl-prost-l3(t)-cnoate, 
methyl dU9a,\Sa- or 9^,15(r-dihydroxy-l5/J-methyI-prost-13(t)-enoate, 
methyl t//-9a,15^- or 9p,15/3>dihydroxy-15a',20-di-methyUprost-13(t)-enoate. 
methyl t//-9a,15a. or 9/5,15ar-dihydroxy.I5^,20-di-methyI.prost-l3(t)-enoate, 
methyl rf/-9a,I5^- or 9/5,15/} - dihydroxy ^ XSm • methyl - 20-ethyl-prosta-5(c),13(t)- 

dienoate, 

methyl dl-9a,\5a- or 9)3, 15a - dihydroxy - 15^ - methyl - 20-ethyl-prosta-5(c),13(t)- 
dienoate, 

methyl <//-9a,15p- or 9^,15^ - dihydroxy - 15a - methyl - prosta - 5(c).13(tV 
dienoate, 
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methyl dl-9aA5a- or 9/},15^-dihydroxy-15,^.methyl.prosta-5(c),13(t) 
methyl rf/-9a,15/5- or 9/5,15/} - dihydroxy - 15^,20 - di - methyl - pros 



-dienoate, 



dienoate, or 



prosta - 5(c), 1 3(t)- 



methyl dl-9aA5a- or 9/5, 1 5^ - dihydroxy - 15/5,20- di - methyl - prosta - 5(c), 1 3(t)- 

dienoate 
respectively for 

methyl i//-9a,15a-dihydroxy-15/}-methyl-20-ethyl-prost-I3(t)-enoate 

as starting material and following the procedure described above, the compounds 

of formula IX listed below are obtained: 

methyl ^/-9-oxo- 1 5/5-hydroxy- 1 5<T-methyl-20-ethyl-prost-1 3(t)-enoate ; 

methyl rf/-9-oxo- 1 5/5-hydroxy-I S^r-methyKprost- 1 3(t)-enoate ; 

methyl rf/-9-oxo- 1 5a -hydroxy- 1 5/5-methyl-prost- 1 3(t)-enoate ; 

methyl rf/-9-oxo- 1 5/5-hydroxy- 1 5a^,20-di-methyi-prost- 1 3(t)-enoate ; 

methyl rf/-9-oxo- 1 5o^-hydroxy- 1 5,'5,20-di-methyl-prost-l 3(t)-enoate ; 

methyl i//-9-oxo-I5;S-hydroxy-15.v-methyl.20.cthyl-prosta-5(c),l 3(t)-dienoatc; 

methyl i//-9-oxo- 1 5a-hydroxy. 1 5/5-methyN20-clhyI-prosta-5(c), 1 3(t)-dienoate • 

methyl ^/-9-oxo- 1 5/5-hydroxy- 1 5rr-methyl-prosta-5(c), 1 3(t)-dienoate ; 

methyl <//-9-oxo-15<jr-hydroxy-15/5-methyUprosta-5(c),l3(t)-dienoate; 

methyl //W-oxo- 1 5^-hydroxy- 1 5^,20.di-methyl-prosta-5(c), 1 3(t)-dienoate ; and 

methyl ^/.9-oxo- 1 5a-hydroxy- 1 5/J,20-di-methyl-pro5ia-5(c), 1 3(t)-dienoaic ; 

respectively. 

PREPARATION 8. 

This preparation illustrates methods for preparing i//-9rr,;5a-dihydroxy-l5'% 
methyl-20-ethyl-prost-(3(t)-enoic acid, (VIII, 9a— OH, 15a— OH, 15A— CH,, free 
acid, Ri=CjH„ Z=CHjCHj). ' 

In this preparation, a solution of 0.454 g of methyl rf/-9a,1 5a.dihydroxy.l5;1- 
methy^20-el!lyl-prost-13(t^e^oate, prepared as described in Preparation 6, 0.75 g 
of potassium hydroxide. 10 ml of methanol and 10 ml of water is stirred at room 
temperature under nitrogen for 1,75 hours. The reaction mixture is diluted with 50 
ml of water and washed with 100 ml of diethyl ether. The aqueous layer is then 
acidiHed to pH 4 with 1 N hydrochloric acid, saturated with sodium chloride, and 
extracted three times with 75 ml of ethyl acetate. The combined ethyl acetate 
extracts are washed with 300 ml of saturated aqueous sodium chloride and dried 
over anhydrous sodium sulfate. Concentration of the organic solution gives a 
residue which is recrystallized from I ml of ethyl acetate and 10 ml of hexane. On 
coolmg overnight at -20*'C 0.329 g of rf/.9a.l5/r-dihydroxy-15/^methy^-20-ethy^ 
prosl-13(t)-e^olc acid precipitates and is collected by filtration. 

Similarly, by substituting the other compounds obtained in Preparation 6 for 
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methyl rf/-9a,15a-dihydroxy-15fl-mcthyl.20.cthyl-prost.l3(t)-enoatc and followng 
the procedure as described above, the following free acids, corresponding lo 
compounds of formula VIII are obtained: 
di'9a, 1 5i3-dihydroxy- 1 5a-methyl-20-ethyl-prost- 1 3(t)-enoic acid; 
5 dl'9fi, 1 5a-dihydroxy- 1 5/5-methyl-20-ethyl-prost- 1 3(t)-enoic acid; 

15/J-dihydroxy-15o^-methyl-20-ethyl-brost-13(t)-enoic acid; 
rf/-9a. 1 5a-dihydroxy-l 5/5-mcthyl-prost- 1 3(t)-cnoic acid ; 
<//-9a, 1 5 A-dihydroxy- 1 5a- methyl-prost- 1 3(t)-cnoic acid ; 
dl'9&A 5a-dihydroxy- 1 5/3-melhyl-prost- 1 3(t)-cnoic acid ; 
10 ^//.95,15/J-dihydroxy-l5»-methyl-prost-13(t)-enoic acid; 10 

dl-9a, 1 5a-dihydroxy- 1 5/5,20-di-mcthy !-prost- 1 3(t)-enoi c acid ; 
dl-9a, 1 5/^<lihydroxy- 1 5a .20-di-mcthyl-prost- 1 3(t)-enoic ac id ; 
t/f-9i3,15aKlihydroxy-15^,20-di-methyl-prost-l3(t)-cnoic acid; 
rf/-9/J,15Mihydroxy-15a',20-di-mcthyl-prost-l3(t)-enoic acid; 
1 s rf/-9a,l5a-dihydroxy-l 5/J-methyl-20-ethyl-prosta-5(c).l 3(t>dienoic acid; 1 5 

rf/-9a, 1 S/J-dihydroxy- 1 5a-methyl-20-cthyl-prosta-5(c), 1 3(t)-dienoic acid ; 
rf/.95.15a-dihydroxy-15/5-mcthyl-20-cthyl-prosta-5(c),l3(t)-dicnoic acid; 
dl'9&, I SMihydroxy- 1 5cr-mcthyl.20-cthy Nprosta-5(c), 1 3(t)-dic noic ac id ; 
rf/-9a,l5a-dihydroxy-15/3.methy!.prosta-5(c).13(t)-dienoic acid; 
20 J/-9a,15M5hydroxy-15a-methyl-prosta-5(c),13(t)-dienoic acid; ^ 

rf/-9/5, 1 5a-dihydroxy- 1 5/3-methyUprosta-5(c),l 3(t)-dicnoic acid; 
rf/-9fi l55-d«hydroxy-l5<T-methyt-prosta-5(c),t3(t)-dicnoic acid; 
^//.9a,15a-dihydroxy-15/5,20-di-methyl-prosla-5(c),13(t)-dienoic acid; 
rf/-9a,I5Mihydroxy-15a,20-di.methyl-prosta-5(c)J 3(t)-dienoic acid; 
25 rf/.9i3.15a-dihydroxy-15/J.20-di-mcthyl-prosta-5(c),13(t)'dienoic acid; and 25, 

rf/-9/3,l5M»hydroxy-15a.20-di-methyl-prosta-5(c),l3(t)-dienoic acid. 

In a similar manner, by substituting the compounds prepared m Preparation 7 
for methyl i//-9a,15a-dihydroxy-15/J-methyl-20-ethyl-prost-13{t)-enoate and follow- 
ing the procedure as described above, the following free acids, correspondmg to 
30 compounds of formula IX arc obtained: . ^ 

J/-9-OXO- 1 5a-hydroxy-l 5/'i-methyl-20-ethyl-prost- 1 3(t)-enoic acid ; 
J/-9-oxo-15^-hydroxy-15a-methyl-20-ethyUprost-13(t)-enoic acid; 
dl-9-oxO' 1 5cr-hydroxy- 1 5/5-methyl-prost- 1 3(t)-cnoic acid ; 
<//-9-oxo-15/J-hydroxy-l5or-methyl-prost-13(t)-cnoic acid; 
35 rf/.9-oxo-l5a-hydroxy-15/},20-di-mcthyl-prost-13(t)-enoic acid; J3 

rf/-9-oxo-l5A-hydroxy-15a,20-di-methyl-prost-13(t)-enoic acid; 
<//-9-oxo-l5a-hydroxy-l5^-methyl-2a-ethyl-prosta-5{c),l3(t)-dieno;c acid; 
rf/-9-oxo- 1 5^-hydroxy- 1 5a-methyl-20-ethyl-prosta-5(c), 1 3(t)-dicnoic acid ; 
d7-9-oxo- 15a -hydroxy-! 5/3-methyl-prosta-5(c),l 3(t)-dienoic acid; 
40 ^/-9-oxo-15/5-hydroxy-15a-melhyl-prosta-5(c),13(t)-dienoic acid; . ^ 

t//-9.oxo-l5a-hydroxy-15/5.20-di-methyl-prosta-5(c),l3(t><iienoic acid; and 
<//-9.oxo-I53-hydroxy.l5a,20-di-methyl-prosta-5(c),13(t)-dienoic acid. 

Also by substituting the compounds prepared in Preparation 4 for methyl 
dl-9a, 1 5a-dihydroxy- 1 5^-methyl-20-ethyl-prost- 1 3(t)-enoatc and following the 
45 procedure as described above, the following free acids, corresponding to 45 

compounds of formula VI are obtained: 

dl'9r, 1 5a- 9/5, 1 5a-, 9a,l5/V and 9/i,l5A-dihydroxy-20.ethy!.prost-l 3(t)-enoic acid; 
^/-9a,l5a., 9iJj5a-, 9a.l5/V and 9,3,1 5Mihydroxy-prost-13(t)-enoic acid; 
tf/-9^r,l5a-, 9/J.l5a-, 9/»,15/3- and 9./l,l5,'i-dihydroxy-20-m€thyl-prost-13(t)-enoic 
50 acid* 

rf/.9a,l5a-, 9/3, 15a-, 9a. 15/^- and 9/l,i5Mihydroxy-20-ethyl-prosta-5(c),13(t)- 
dienoic acid; , v v j- ^ 

rf/-9a,15a-, 9/3,15a-, 9a,15/J- and 9,'5,15Mihydroxy-prosta-5(c).13(t).dienoic acid 

55 rf/-9c^?5a-, 9/5,1 5a., 9a,15;'5. and 9,/i,l5Mihydroxy-20-methyl-prosta.5(c), 13(t)- 55 

dienoic acid. 



Similarly, by substituting the compounds prepared in Preparation 3 for methyl 
rf/-9a, 1 5a-dihydroxy- 1 5/5-methyJ-20-ethyl-prost- 1 3(t)-cnoale and following the 
procedure as described above, the following free acids, corresponding to 
60 compounds of formula V are obtained: 

dl'9-o\oA5a' and 15/5-hydroxy-20-ethyl-prost-13{t>enoic acid; 
c//-9-oxo-15a- and 1 5>^-prost-l3(t)-cnoic acid 
rf/-9-oxo-15a- and 15/5-hydroxy-20-methyl-prost-l3(t)-enoic acid; 
rf/-9-oxo-l5a- and 15/5-hydroxy-20-ethyl-prosta-5(c),13(t)-dienoic acid; 



17 



1,501,864 • 17 

-T — ' ■ > ■ — . ■ ' ' '-'-^ ; — — " 



d/-9-rOXO-15a- and 15j3-hydroxy-brosta-5(c),I3(t)-di^^^ 
<//-9-oxo-15ar- and 15/5-hydroxy-z()-iiicthyl-prosta-5(c),13(t)-diehoic acid. 

In this Specification use is made of the microbiological classification 
according to the scheme proposed by Ainsworth (1966): "A general purpose 
5 classification of fungi — Bibliography of Systematic Mycology (1966), 1—4 — 5 

Commonwealth Mycological Institute — Kew, Surrey , and use is made of 
Ainsworth and Bisby's Dictionary of the Fungi, 6th edition (1971). 

The aforesaid Division of Eumycota embraces 5 Sub-divisions, viz, 
Mastigomycotina, Deuteromycotina, Basidiomycotina, Ascomycotina and 
[0 Zygomycotina. While numerous species of microorganisms falling within the 5 10 

Sub-divisions of Eumycota can be employed in the process of the invention for the 
preparation of the 18^, 19^- and 20^-hydroxy-prostaglandin derivatives of general 
formula I, it is preferred to employ species of microorganisms falling within the 
Classes and Orders listed herebclow: 

15 MASTIGOMYCOTINA 15 

Oomycetes 

Saprolegniales 
Peronosporales 

DEUTEROMYCOTINA 

20 Coelomycetes 20 

Sphaeropsidales 
Melanconiales 
Hyphomycetes 

Hyphomycetales 

25 Tubercufariales 25 

BASIDIOMYCOTINA 
Gasteromycetes 

Lycoperdales 
Hymenomycetes 

30 Aphyllophoralcs 30 

Agaricafes 

ASCOMYCOTINA 
Plectomycetes 
Eurotiales 

35 Microascales 35 

Pyrenomycetes 

Sphaeriales 

Hypocrealcs 
Loculoascomycetes 

40 Pleosporalcs 40 

ZYGOMYCOTINA 
Zygomycetes 
Mucorales 
Entomophthorales ' 

While numerous species of microorganisms falling within the Family of 45 
Streptomycetaceae can be employed in the process of the invention for the 
preparation of the 18^- and 19^-hydroxy-prostaglandin derivatives of general 
formula I, it is preferred to employ species of microorganisms falling within the 
genus Streptomyces. 

Cultures of a large number of species, falling within the group of micro- 50 
organisms which can be employed in the process of the invention, are available 
from known sources, such as: 



50 



"Centraaf Bureau voor Schimmelcultures" (CBS), Baarn, The Netherlands; 

^'American Type Culture Collection" (ATCC), Rockville, Maryland, U.S.A.; 

"Northern Utilization Research and Development Division of U.S. Department 55 

of Agriculture" (NRRL), Peoria, Illinois, U.S.A. and 
"Commonwealth Mycological Institute" (CMI), Kew, Surrey, England. 
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The microorganism to be used is crown in the conventional way, preferably in 
a liquid medium with constant aeration by shaking or by stirring and aerating. 
Culture media used for the growth of fungal organisms and Streptomyces arc well 
known in the art and principally consist of (1) a source of carbon such a5 glucose, 

5 maltose, sucrose, starch, dextrine and vegetable oils and (2) a source of nitrogen 5 

such as ammonia salts, meat and fish flours, corn steep solids and other nutritive 
substances containing nitrogen. (3) inorganic salts such as sodium, potassium, 
magnesium, sulphates, phosphates and chlorides, and, optionally, trace elements. 
The foregoing materials are added in the desired amounts to a quantity of lap 

10 water, and the solution is sterilised prior to inoculation with the microorganism to 

The prostaglandin or prostaglandin derivative of general formula 11 to be 
hydroxylated can be added in the form of a fine crystal suspension or dissolved m a 
solvent such as acetone, ethanol or dimethyl formamide. During the incubation of 

15 the starting prostaglandin with the fungus or streptomycete cultures, aeration may 15 

be provided by shaking and the temperature is normally kept between 20 and 40 C 
for 12— 48 hours. The hydroxylation can be followed by thin-layer 
chromatography. The hydroxylated products can be isolated from the 
fermentation broth by known procedures. At the end of the fermentation, the 

20 broth can be filtered, the filtrate acidified to about pH 3 and extracted with a 20 

suitable organic solvent. For acidification organic or mineral acids can be used, 
such as phosphoric acid, sulphuric arid, formic acid, and citric acid. Extraction 
can be carried out at pH between I and 5. However, it is advisable not to work at 
pH lower than 2, as many prostaglandin derivatives are acid sensitive. Suitable 

25 solvents for extraction are ketones, esters and ethers, such as methyl isobutyl 25 

ketone, ethyl acetate and diethyl ether. It is also possible to acidify the culture 
broth and extract directly without filtration. 

The crude products may be purified by known procedures such as direct 
crystallisation or column chromatography. A suitable adsorbent is, for example, 

30 silica gel. The silica is normally pre-treated with 20% of water containing I „ of 30 

acetic acid and the column eluted with suitable organic solvents or mixtures 
thereof, such as ethyl acetate — heptane (8:3 v/v) containing 0.1% by vol.) of acetic 
acid- . 
The analysis of the resulting products sometimes presents some dillicuity. 

35 Mass spectrometry of prostaglandins often yields complex spectra, which arc 35 

difficult to interpret. Sometimes even the molecular peak cannot be deterniined 
Better results are obtained by protecting reactive groups such as hydroxyl 
groups, 0x0 groups and carboxylic groups by the following reactions: 
L ester ificaiion of the carboxylic groups with diazomcthane; 

40 2. transformation of 0x0 groups into methoximes; and 40 

3. conversion of hydroxyl groups into trimethylsilyloxy groups, for example 
with /V.O-bis(trimethylsilyl)trinuoroacetamide. 

Such converted products are hereinafter referred to as "protected products . 
The crude derivative can then be injected into a GLC-column connected to a 

45 double focussing mass spectrometer and the spectrum of the largest GLC-peak is 45 

recorded. GLC is used to obtain a separation of main products from byproducts 
and to record C-values according to the method of S. Bergstrom et al., J. Biol. 



Chem. —238 (1963), 3555. 

For the determination of these values mixtures of normal-fatty acids are used 
50 as standards. The retention times of the standards are plotted on a logarithmic 50 

scale against the number of carbon atoms of the acids on a linear scale. These 
diagrams are then used to convert observed retention times to C-values, 

These C-values are obtained using the following gas chromatographic 
conditions: 
55 Column: 5 ft, 2.3 mm i d. 

Stationary phase: 3% OV-l? on Gaschrom Q 100—120 mesh 
Oven temperature: 235®C 
Carrier gas: 38 ml N/min. • 

The 18^-hydroxy and 19^-hydroxy-prostaglandin derivatives are usually ^ 
60 obtained as a mixture; the isomers can be separated from each other and each of 

the isomers isolated according to the procedures described above. Sometimes 17j^- 
hydroxylatcd products are also obtained as byproducts. These l7-^-hydroxy- 
prostaglandin derivatives are also novel compounds. The hydroxylation of PGAj is 



65 



usually^ preceded by reduction of the 10(11) double bond. ,c 
The alkvl esters of the invention can be obtained by treatment of the 
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compounds of genera! formula I with an excess of a diazoalkane such as,. 
diazomethane« diazoethane or diazopropane for example, in diethyl ether or 
methylene chloride solution, in a conventional manner. 

Alternatively, the mixture of 18^- and 19^-hydroxylatcd compounds can be 
esterified as described immediately above, and the 18{-hydroxy and 19J^-hydroxy- 5 
alkyl esters recovered, purified and/or separated,' according to procedures 
described above for the compounds of formula I. 

The salts of the invention can be prepared by treating the corresponding free 
acids of formula I with about one molar equivalent of a suitable base, such as 
sodium hydroxide, potassium hydroxide, ammonium hydroxide, calcium 10 
hydroxide, trimethylamine, triethylamine, tripropylamine, /J-(dimethylamino) 
ethanol, /i-(diethylamino) ethanol, triethanolamme, arginine, lysine, caffeine, or 
procaine. The reaction is usually conducted in an aqueous solution, alone or in 
combination with an inert, watcr-miscible organic solvent, at a temperature of 
from 0°C to 30*'C, preferably at room temperature. Typical inert, water-miscible 15 
organic solvents which can be used include methanol,, ethanol, isopropanol, 
butanol, dioxane or tetrahydrofuran. When divalent metal salts are prepareo, such 
as the calcium salts or magnesium salts, the free acid starting material is treated 
with at least one half molar equivalent of the base. 

The free acids, alkyl esters or salts of the I8jf-, 19^- and 20^-hydroxy- 20 
prostaglandin derivatives of general formula I or of general formula I A when 
prepared by the process described above can be administered in a wide variety of 
dosage forms, either alone or in combination with other pharmaceutical 
compatible medicaments, in the form of pharmaceutical compositions suited for 
oral or parenteral administration or inhalation. Such compositions in which a 25 
formula I compound or a formula lA compound when obtained by the process 
described above, is formulated with a pharmaceuticaliy acceptable carrier 
comprise a further aspect of the present invention. The compounds arc typically 
administered as pharmaceutical compositions consisting essentially of the free 
acids, alkyl esters or salts of the invention, and a pharmaceutical carrier. The 30 
pharmaceutical carrier can be either a solid material, liquid or aerosol, in which 
the free acid, alkyl ester or salt is dissolved, dispersed or suspended, and can 
optionally contain small amounts of preservatives and/or pH-buffering agents. 
Suitable preservatives which can be used include, for example, benzyl alcohol. 
Suitable buffering agents include, for example, sodium acetate and 35 
pharmaceuticaliy acceptable phosphate salts. 

The liquid compositions can, for example, be in the form of solutions, 
emulsions, suspensions, syrups, or elixirs. The solid compositions can take the 
form of tablets, powders, capsules, or pills, preferably in unit dosage forms for 
sim'ple administration or precise dosages. Suitable solid carriers include, for 40 
example, pharmaceutical grades of starch, lactose, sodium saccharin, talcum, or 
sodium bisulfite. 

For inhalation administration, the free acids, alkyl esters or salts can, for 
example, be administered as an aerosol in an inert propellant together with a 
cosolvcnt, e.g. ethanol, together with optional preservatives, surfactants, 45 
stabilisers, isotonic and buffering agents. Additional general information 
concerning the inhalation administration of aerosols can be had by reference to 
U.S. Patent Specification Nos. 2,868,691 and 3,095,355. 

For the preparation of an aerosol the active compound is first micronised; 
preferred particle size is from 0.5 to 10//. The solutions or suspensions to be used 50 
contain from 0.02 to 0.5 mg of active compound per ml of pharmaceuticaliy 
acceptable solvent medium. Preferably, the pH of the solution or suspension is 
between 4 and 7. 

The solutions or suspensions are used in an aerosol container provided with a 
metered valve which releases preferably from 50 to 60 #<l per puff. Propellants 55 
conventional in pharmaceutical aerosols, such as various chloro-fluoro-alkanes, 
may be used. 

\ suitable aerosol can be prepared, for example, using solutions or 
suspensions and propellants consisting of: 



9-oxo-lla,15a,19Z-trihydroxy-prosM3(t)- 

cnoic acid tnethanolamine salt ^-^^/o 

ethanol absolute 36.75% 

dicHlorodifluoromethane/ 1 ,2-dichloro- 1 , 1 ,2,2- 
tetrafluoroethanc (4Q/60 v/v) ad 

or 

9-oxo-l la.l5a,18{-trihydroxy-prost-l 3(t)-enoic 

acid ^ 

propylene glycol * ^ 

ethanol absolute 



19.5 g 



dichlorodinuoroincthane/l,2-dichloro-l. 1,2,2- „ 
tctranuorocthanc (40/60 v/v) ad » 8 

optionally together with preservatives, surfactants, 
stabilisers, isotonic and buffering agents. 



The free acids, alkyi esters or salts of the invention arc tyPi""^'^^"^"'**!^*^ 
i.v. in dosages of 0. i to 10 mg and o^o. in dosages of I to 100 mg. The daily doses are 
I.V. 0.4 to 40 mg and p.o. 6 to 600 mg. 

The following Examples illustrate the mvcntion. 

^ EXAMPLE I. J . I . 

a An agar slant of Thozetelhpsis tocklaiensis (CBS 378.58) ^^Vku m^Hhfm w2 
100 ml of sterile 20-20 med/um in a 500 ml conical flask. This medium was 
prepSed by solving 20 g of glucose in 500 ml of tap water, adding 20 g of corn 
stVeo solids and miking up to I litre with tap water; pH was adjusted to 6.5 wi h 
?he Sid of a 30% (w/v) solution of sodium hydroxide. Sterilization was carried out 

ThTnask was Sated for 72 hours at 26;C on a notary shaker (280 r.p.m 
2 5 cm stroke). From the resulting culture, 5 ml were used to inoculate 100 m of 
sterile 10-10 medium in a 500 ml conical nask. The medium ^^as prepared as the 
20-20 mldium described above using 10 g of glucose and corn steep solids each 
per litre. The flask was incubated at 26'C on the rotary shaker. 
^ 8 Hours after inoculation. 20 mg of </-9-oxo. 1,5^-hydroxy-prost- 1 3(t^^^^^^ 
acid, prepared as described in Preparations 3 and 8. dissolved m 2 5 o^^;- (^/^'j 
aqueous ethanol, were added and the incubation was continued .for another 24 
hSurs at 26»C. The culture broth was then filtered, the filtrate acidified to pH 3 
with a 10% (w/v) aqueous citric acid solution, and extracted three times with 20 ml 
of eihvl acetate The extract was evaporated m vacuo and the residue purified by 
coS cSririltography (SiO, pretre'ated with 1% (v/v) aceUc acid; eluted with 
ethyl acetate - heptane (8:3 v/v) containing 0.1% by ^.T^^^o of 9 7xo 
matching fractions were combined and evaporated m vaaw to give 2 5 mg of 9-oxo- 
I5.«.18^-dihydroxy-prosi-13(t)-enoic acid and 3.5 mg of 9-oxo-l 5.».1 9^dih>droxy- 

^'"'^^Th^prSed^lthydroxy product (siiyl ether, methoxime, methyl ester) has: 

C-value: 25.9 , 
Molecular peak in mass spectrum: m/e= 541 
Intense pcaMcs: 510. 420. 382, 309. 197, 131 29. 
Minor characteristic fragments: 422, 390, 364, 222. 144. 

The protected l9-hydroxy product has: 
C-value: 26.2 

Molecular peak in mass spectrum: m/e=54l 
Intense peaks: 510. 420, 382. 129. 117 

Minor characteristic fragments: 466. 368. 330. 309, 222, 143. 

b. In a similar way, rf/-9-oxo-l5;5.hydroxy-prost-l3(l)-enoic acid' Prepared as 
described in Preparations 3 and 8, was convened into 9-oxo-l 5fl,18^dihydroxy- 
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prosl-13(t)-cnoic acid and 9-oxo-15/3,19^-dihydroxy.prost-13(t)^noic acid. 

The protected 18*hydroxy product has: ' - 
C-vaiue: 56.0 

Molecular peak in mass spectrum: m/e=541 

Intense peaks: 510. 420, 382. 309, 197, 131, 129. 5 
Minor characteristic fragments: 422. 390, 364, 222, 144. 

The protected 19-hydroxy product has: 
C-value: 26.3 

Molecular peak in mass spectrum: m/e=541 

Intense peaks: 510. 420. 382. 129. 117. 10 
Minor cnaracteristic fragments: 466, 368, 330, 309, 222, 143, 

c. In a similar way, <//-9a,15^-dihydroxy-prost-13(t)-enoic acid, prepared as 
described in Preparations 4 and 8, was converted into 9«, 15^,1 8^-tri nydroxy- 
prost-13(t)-enoic acid and 9a^,15/J,19.^-trihydroxy-prost-13(t)-cnoic acid. The 
silylated methyl ester of the 18-hydroxy compound has: 15 
C-value: 24.3 

Molecular peak in mass spectrum: m/e=586 
Intense peaks: 427, 337. 297, 197, 131. 129. 

Minor characteristic fragments: 557, 496, 467, 377, 350, 310, 247, 144. 

The silylated methyl ester of the 19-hydroxy compound has: 20 
Ovalue: 24.6 

Molecular peak in mass spectrum: m/e=586 
Intense peaks: 427, 337, 297. 197. 143. 129, 117. 
Minor cnaracteristic fragments: 496. 452, 310, 247, 143. 

d. In a similar wa^, <//-9^,15/J-dihydroxy-prost-I3(t)-cnoic acid, prepared as 25 
described in Preparations 4 and 8, was converted into 9^1 5/3,1 8^-tiihydroxy-prost- 
13(t)-enoic acid and 9;3.15ys,l9.Hrihydroxy-prost-13(t>enoic acid. The silylated 

methyl ester of the 18-hydroxy compound has: 
C-value: 24.3 

Molecular peak in mass spectrum: m/c=586 30 

Intense peaks: 427, 337, 247, 197, 131, 129. 

Minor cnaracteristic fragments: 557. 467, 377, 350, 297. 223. 

The silylated methyl ester of the 19-hydroxy compound has: 
C-value: 24.6 

Molecular peak in mass spectrum: m/e=586 35 
Intense peaks: 427. 337, 247, 197, 129, 117. 
Minor cnaracteristic fragments: 452, 297, 223. 

e. In a similar way. 9-oxo-15rr-hydroxy-prosta-5(c),8(l2),13(l)-trienoic acid 
(PGBj) was converted into 9-oxo-15a,18,^-dihydroxy-prost-5(c),8(l2),I3(t)-trienoic 

acid and 9-oxo-l5a'.19{-dihydroxy-prosta-5(c),8(li).l3(t)-trienoic acid. The 40 
protected 18-hydroxy compound (silyl ether, methyl ester, methoxime) has: 
C-value: 27.2. 

Molecular peak in mass spectrum: m/e=537 
Intense peaks: 506, 416. 360, 131. 

Minor characteristic fragments: 418, 378, 326, 162. 45 

The protected 19-hydroxy derivative has: 
C-value: 27.7 

Molecular peak in mass spectrum: m/e=537 
Intense peaks: 506, 416. 129, 117. 

Minor cnaracteristic fragments: 378. 346, 326, 162. 50 

f. In a similar way, 9-oxo-l5/^-hydroxy-prosta.5(c),10,13(t)-trienoic acid (PGAj) 
was converted into 9-oxo-l5^,18^-dihydroxy-prosta-5(c),l3(t)-dicnoic acid and 9- 
0x0- 1 5a, 1 9^-dihydroxy-prosta-5(c), 1 3(t)-dienoic acid. 

The protected 18-hydroxy compound has: 
C-value: 25.9 55 
Molecular peak in the mass spectrum: m/e=539 
Intense peaks: 508, 418, 131, 129. 

Minor characteristic fragments: 438, 380, 226, 220, 197. 

The protected 19-hydroxy derivative has: 
C-value: 26.2 60 
Molecular peak in mass spectrum: m/e=539. 
Intense peaks: 508, 418, 380, 348, 143, 129. 117. 
Minor characteristic fragments: 438, 226, 220. 
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g. In a similar way, <//-9/3,15n'-dihydroxy-prost-I3(t)-enolc acid, prepared as 
described in Preparations 4 and 8, was converted into 9j3,15a,I8<-trihydroxy- prost- 
l3(t)-enoic acid and 9^,l5a^,l9^-trihydroxy-prost-13(t)-enoic acid. The silylated 
methyl ester of the 18-hydroxy compound has: 

5 Ovaluc: 24.3 j ^ 3 

Molecular peak in mass spectrum: m/e=586 
Intense peaks: 427, 337. 247, 197, 131, 129. 
Minor characteristic fragments: 557, 467, 377, 350, 297, 223. 

The silylated methyl ester of the 19-hydroxy compound has: 
10 C-valuc: 24.6 10 

Molecular peak in mass spectrum: m/e=586 
Intense peaks: 427, 337. 247. 197, 129, 117. 
Minor characteristic fragments: 452, 297, 223. 

h. In a similar way, rf/-9fl',I5a-dihydroxy-prost-I3(t)-enoic acid, prepared as 

15 described in Preparations 4 and 8, was converted into 9a'.I5a,18jf-trihydroxy- 15 

prost-13(tVenoic acid, and 9n',15n^,19^-trihydroxy-prost-l3(t)-enoic acid. 

The silylated methyl ester of the 18-hydroxy product has: 
Ovalue: 24.2 

Molecular peak in mass spectrum: m/e=586 
20 Intense peaks: 427, 337, 297, 197, 131, 129. 20 

Minor characteristic fragments: 557, 496, 467, 377, 350, 310, 247. 144. 

The silylated methyl ester of the 19-hydroxy compound has: 
C-value: 24.5 

Molecular peak in mass spectrum: m/e=586 
25 Intense peaks: 427, 337, 297, 197, 143, 129, 117. 25 

Minor characteristic fragments: 496, 452, 310, 247, 143. 

EXAMPLE II. 

a. An agar slant of Delacroixia coronata (CBS 647.68) was used to inoculate 
100 ml of sterile 20 — ^20 medium in a 500 ml conical flask. This medium was 

30 prepared as described in Example la. * 30 

The flask was incubated for 72 hours at 26**C on a rotary shaker (280 r.p.m., 
2.5 cm stroke). From the resulting culture, 5 ml were used to inoculate 100 ml of 
. sterile 10 — 10 medium in a 500 ml conical flask. The medium was prepared as 
described in Example I a. The flask was incubated at 26*C on the rotary shaker. 

35 18 Hours after inoculation 20 mg of <//-9rt,15^-dihydroxy-15/5-methyl-prost- 35 

l3(t)-enoic acid, prepared as describedfin Preparations 6 and 8, dissolved m 5.5 ml 
of 50% aqueous ethanol, were added and the incubation was continued for another 
24 hours at 26**C. The culture broth was then filtered, the filtrate acidified to pH 3 
with a 10% w/v aqueous citric acid solution and extracted three times with 20 ml of 

40 ethyl acetate. The extract was evaporated in vacuo and the residue purified by 40 

column chromatography (SiO, pretrcated with 1% v/v acetic acid; eluted with 
ethyl acetate — heptanol (8:3 v/v) containing 0.1% by vol acetic acid). The 
matching fractions were combined and evaporated in vaaw to give 2.0 mg of 
9.*,l5a,18^-trihydroxy'l5/3-methyl-prost-13(t)-enoic acid and 3.8 mg of 9a,1 5'^,!9<- 

45 trihydroxy-15/J-methyUprost-13(l)-enoic acid. ' 4S 

The silylated methyl ester of the 18-hydroxy product has: 
C-value: 24.2 

Molecular peak in mass spectrum: m/e=600 
Intense peaks: 441, 351, 297. 211, 143, 131, 
50 Minor characteristic fragments: 585, 571, 481, 323, 301, 257, 144. 50 

The protected 19-hydroxy product has: 
C-value: 24.6 

Molecular peak in mass spectrum: m/e=600 
Intense peaks: 441. 351, 297, 143, 117. 
55 Minor characteristic fragments: 585, 323, 301. 21 1. 55 

b. In a similar way, <//;9-oxo-15/Uhydroxy-l5/v-methyl-20-ethy|.prost.l3(t).enoic 
acid, prepared as described in Preparations 7 and 8, was converted into 9-oxo- 
15/3,18^-dihydroxy-15ff-methyl-20-cthyl-prost-13(t)-enoic acid and 9-oxo-1 19/- 
dihydroxy-15a-methyl-20-ethyl-prost-13(t)-enoic acid, 

iO The protected 18-hydroxy product (silyl ether, methoxime, methyl ester) has: 60 

C-value: 27.0 

Molecular peak in mass spectrum: m/e=583 
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Intense peaks: 396, 143. 

Minor characteristic fragments: 526, 462. 436, 366, 364, 171, 159. 

The protected 19-hydroxy product has: 
C-value: 27.4 

Molecular peak in mass spectrum: m/e=583 

!n:cnse peaks: 396, 171, 145, 143. 

Minor characteristic fragments: 462, 450, 366, 364, 239. 

EXAMPLE III. 

\ t^^J^^^^ ^'^"^ Streptomyces sp. (CBS 188.74) was used to inoculate 100 ml 
of the following medium in a 500 ml conical flask: peptone 10 g/1, mall paste 
15 g/l, NaCI 5 g/1, distilled water; the pH was adjusted to 7.2 with the aid of 30% 
w/v aqueous potassium hydroxide solution. Sterilization was carried out for 20 
minutes at I20**C. 

The flask was incubated for 72 hours at 26^C on a rotary shaker (280 r.p.m., 
2.5 cm stroke). From the resulting culture, 5 mi were used to inoculate 100 mi 
of the following medium in a 500 ml conical flask: glucose 10 g/1, corn steep solids 
3 g/1, peptone 5 g/1, NaCI 5 g/1, tap water; the pH was adjusted to 7.2 by adding a 
30?^ w/v aqueous potassium hydroxide solution. Sterilization was carried out for 
20 minutes at 120*C. 

The flask was incubated for 72 hours at 26^C on the rotary shaker. 20 mg 
?L/ ^?^'^^'^'^^^'^'^y^''°^y'P**^^^*^^W-enoic acid (PGE,), dissolved in 2.5 ml of 
50 V, v/v aqueous ethanol, were then added and the incubation was continued for 
another 24 hours. Thin layer chromatography indicated that two compounds were 
formed which were more polar than the starting material. The fermentation broth 
was filtered, the filtrate acidified to pH 3 with a 10% w/v aqueous citric acid 
solution, and extracted three times with 30 ml of ethyl acetate. The extract was 
evaporated under reduced pressure and the residue purified by column 
chromatography (SiO, prelrcatcd with 1% by vol. acetic acid and 19% by vol. 
water; eluted with ethyl acetate containing 0,1% by vol. acetic acid). The 
matching fractions were combined and evaporated uncfer reduced pressure. The 
less polar of the two transformation products was obtained in 5.0 mg yield as an 
oil and proved to be 9-oxo-l Irr,15a,18^-trihydroxy-prost-13(t)-cnoic acid, accord- 
mg to combined GLC-mass spectrometry. The protected product has* 
C-value: 26.6 

Molecular peak in mass spectrum: m/e=629 
Intense peaks: 297, 133, 131, 129. 

Minor characteristic fragments: 598. 510, 470, 420, 380, 366, 310, 223, 197, 144. 

The more polar of the transformation products was also obtained as an oil 
(yield 4 mg). This compound proved to be 9-oxo-l I /r, 15^^,1 9.<-trihydroxy-prost- 
I3(t)-enoic acid, according to combined GLC-mass spectrometry. 

The protected compound has: 
C-valuc: 27.0 

Molecular peak in mass spectrum: m/e=629 

fntense peaks: 366. 297. 223, 183. 143, 133. 129, 117. 

Minor characteristic fragments: 598, 470, 380, 197. 

J^A^J" ^ similar way, 9-oxo-l In',l5/r-dihydroxy-prosta-5(c).13(t)-dienoic acid 
(PGEj) was converted into: 

9-oxo-lla',l5a,18/-trihydroxy-prosta-5(c),I3(t).dienoic acid and 
9-keto-l la,l5a.l9/.trihydroxy.prosta-5(c),l3(t)-dienoic acid. 

The protected 18-hydroxy compound has: 
C-value: 16.6 

Molecular peak in mass spectrum: m/e=627 

Intense peaks: 596, 506. 366, 295. 223. 133, 131, 129. 

Minor characteristic fragments: 508, 468, 418, 378, 364, 197, 144. 

The protected 19-hydroxy compound has: 
C-value: 56.9 

Molecular peak in mass spectrum: m/e=627 

Intense peaks: 596. 506, 366, 295. 223, 143, 133. 129. 117 

Minor characteristic fragments: 468, 378. 364, 197. 

c. In a similar way, 9a A ln'.15r»^-trihydroxy.prosta.5(c).13(t)-dienoic acid (PGF, ) 
was converted into 9a.l W.I5.r.l8^tetrahydroxy-prosta.5(c),I3(t).dienoic acid and 
9.». 11 .V, 1 5a, 1 9i-tctrahydroxy-prosta.5(c), 1 3(t).dienoic acid. 
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The protected 18-hydroxy product has:' 
C-value: 25.0 

Molecular peak in mass spectrum: m/e=672 
Intense peaks: 423, 333, 307, 217, 197, 191, 171. 131, 129. 
5 Minor characteristic fragments: 643, 582, 553, 513, 481, 397. 

The protected 19-hydroxy product has: 
Ovalue: 25.3 

Molecular peak in mass spectrum: ni/e=672 
Intense peaks: 423, 333, 307, 217, 197, 191, 143, 129, 117. 
10 Minor characteristic fragments: 657, 582, 567, 531. 513, 481, 397. ] 

d. In a similar way, if/-9a,15a^-dihydroxy-20-ethyl-prost-l3(t)-enoic acid, 
prepared as described in Preparations 4 and 8, was converted into 9a,\5or,\%^' 
trihydroxy-20-cthyUpi ost- 1 3(t)-enoic acid and 9a, 1 5/*, 1 9.<-trihydroxy-20-e thyl- 
prost-13(t)-enpic acid, 
13 The protected 18-hydroxy product has: 

C-value: 25.6 

Molecular peak in mass spectrum: m/e«=614 
Intense peaks: 427. 337, 297, 129. 

Minor cnaracteristic fragments: 557, 467, 377, 225, 159. 
20 The protected 19-hydroxy compound has: 

C-value: 25;9 

Molecular peak in mass spectrum: m/e=614 
Intense peaks: 427, 337, 297, 129. 

Minor cnaracteristic fragments: 571, 481, 391, 225, 145. 

25 e. In a similar way, d/-9a,15f»-dihydroxy-15/J-methyl-20-ethyI-prost-13(t)-enoic 
acid, prepared as described in Preparations 6 and 8, was converted into 
9a,15a,18{-trihydroxy-15/J-methyl-20-ethyI-prost-l3(t)-enoic acid and 9a,15a',l9,{- 
trihydroxy-15/5-methyl-20-ethyI-prost-13(t)-cnoic acid. 

The protected product has: 
30 C-value: 25.3 

Molecular peak in mass spectrum: m/c=628 

Intense peaks: 441, 351, 297, 159, 143. 

Minor cnaracteristic fragments: 571, 481, 323, 239. 
The protected 19-hydroxy derivative has: 
35 C-value: 25,9 

Molecular peak in mass spectrum: m/e=628 

Intense peaks: 441, 351, 297, 145, 143. 

Minor characteristic fragments: 585, 495, 323, 239. 

f. In a similar way, rf/-9rr.l5A-dihydroxy-15rr-melhyl-20-elhyl-prost-13(t)-enoic 
40 acid, prepared as described in Preparations 6 and 8, was converted into 

9a,15fl,l8^trihydroxy-15fr-methyl-20-ethyl-prost-l3(t)-enoic acid and 9^,15/i,19^- 
trihyaroxy- 1 5a-methyl-20-ethyl-prost-l 3(t)-enoic acid. 

The protected 18-hydroxy compound has: 
C-value: 25.3 

45 Molecular peak in mass spectrum: m/e=628 

Intense peaks: 441, 351, 297, 159, 143. 
Minor characteristic fragments: 571. 481, 323, 239. 

The protected 19-hydroxy product has: 
C-value: 25.9 

50 Molecular peak in mass spectrum: m/e=:628 

Intense peaks: 441, 351, 297. 145, 143. 
Minor cnaracteristic fragments: 585, 495, 323, 239. 

The fermentation described below with other Streptomyces species were all carried 
out according to the procedure described in Example III; the fermentation with 
55 the other microorganisms were carried out according to the procedure described 

in Example I. 

EXAMPLE IV. 

a. Fermentation of rf/-9/i,15rv-dihydroxy-prost-l3{t)-enoic acid, prepared as 
described in Preparations 4 and 8, with Ophiobolus graminis (ATCC 12761) 
60 produced a small amount of 9,^,15/T,17j^-trihydroxy-prost-I3(t)-enoic acid. The 

main products of these fermentations were the corresponding 18- and 19-hydroxy 
isomers, which were identical to the products of Example 1 g. 
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The silylated methyl ester of the I7-hydroxy compound has: 
C-value: 23.7 

Molecular peak in mass spectrum: m/e=586 
Intense oeaks: 427, 337, 223. 197. 145. 129. 
5 Mmor characteristic fragments: 543, 483, 453, 297, 259, 103. 

b. In a similar way. rf/-9-oxo-15/?-hydroxy-prost-I3(t)-enoic acid, prepared as 
J^n5"^on 7i\ 3 and 8. when fermented with Streptomyces sp. 
(CBS 190 74) produced a small amount of 9-oxo-l5/J,17<-dihydroxy.prost-13m- 
enolc acid m addiuon to the 18- and 19-hydroxy isomer^ which were identical 
to the products of Example I b. 

has-^*'*' 17-hydroxy product (silyl ether, methyl ester, methoxime) 

C-Value: 25.3 

Nfolecular peak in mass spectrum: m/e=541 
Intense peaks: 420, 382, 366. 250. 197, 145. 
Minor characteristic fragments: 498. 438. 408, 259. 103. 

c. In a similar way. f//-9n-,15o-dihydroxy-prost-13(t>enoic acid, prepared as 
described m Preparations 4 and 8. when fermented M Streptomyces aureoflciem 
ImlnF. ^l^^ '^'J'u"^**^ ^^"^ '^-hydroxy derivative as the main product and small 

,c K° ''^J 8-hydroxy derivative and 9^, 1 5«. 1 7<-trihydroxy-prost- 1 3(t)-enoic 
acid as by-products; the 18-hydroxy and 19-hydrokv derivatives were identical 
Compound has ^^^^P'* ^ The silylated methyl ester of the 17-hydroxy 
C-value: 23.7 

Molecular peak in mass spectrum: m/e=586 
Intense peaks: 427. 337. 297. 197, 145. 
Minor characteristic fragments: 543. 483, 453, 247, 103. 

i..r!K ^ - '"i^^' ^^^-^ ''/-f;'5.I5,l-dihvdroxy-prost-I3(t)-cnoic acid, prepared as 
described in Preparations 4 and 8. when fermented with Metarrhizium brunneum 
(CBS 316.51) produced the 18- and 19-hydroxy derivatives as main products 
(which were identical to the products of Example I d) and 9/}.15/J.17f-trihydroxy- 
prost- 1 3(t)-enoic acid as by-product. /^."s innyuroxy 

C-vaiue^ 23 7***^*^ ^^^^^ 17-hydroxy compound has: 

I 35 Molecular peak in mass spectrum: m/e=586 

Intense peaks: 427. 337, 223, 197, 145. 129. 
Minor characteristic fragments: 543, 483. 453. 297. 259, 103. 

c. In a similar way. <//-9a.l5/J-dihydroxy-prost-l3(t)-cnoic acid prepared as 
^ ?CBS $79 48. r^nT'^H^"' ^ ,f"^ ^' ^hen^f^rmented with Strefto^yc!s g%eTs 

(CBS 479 48) produced a small amount of 9r»,15«.17{-trihydroxy.prost-l3(t^enoic 
?r;d'ucts1?'k'x°ampi:'f l!.'- ''"'^"^^''^ isomers? whic^ weMiticlftoThe 
C-vakie^ 23^7^'*** °^ 17-hydroxy compound has: 

Molecular peak in mass spectrum: m/e=586 
Intense peaks; 427, 337, 297, 197, 145. 
Minor characteristic fragments: 543. 483, 453. 247. 103. 

, , , EXAMPLE V. 

^;r«^H;n"„ Stemphvlium solani (NRRL 1805) was grown in a 10-10 medium 

according to the procedure described in Example I a mcuium 

"""^ A '"?<^"'a.«'on. 20 mg of <//-9.*.I5^-dihydroxy-prost-13(t)-enoic 
acid, prepared as described in Preparations 4 and 8. dissolved in 1.5 ml of 50°"S5 

2rhouAat |6»C.'^'''* '"'^'^'"^ incubatioA was continued for aSotheJ 

th.n^^ll'''^^^ ^ "^"I^ compound was formed which was more polar 

S H r i/'^^S'",® "^^^".'^l- ^^"^ fermentation broth was filtered, the fiftrate 

tirie's wkh° fo ml'of^ ^'^"^2"'' '^•'"^ ^^i*" extraSed h?ee 

nrT«.,~ acetate. The extract was evaporated under reduced 

60 ^ifh rv 1""^ ^^f '"^'"^^^ ^^""^f' chromatography (SiO, pre7rea"d 

00 with 1 i by vol. acetic acd; eluted with ethyl acetate - heptane (8-3 v/v) 
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containing 0A% by vol. acetic acid). The matching fractions were combined and 
evaporated under reduced pressure. . j tu 

There was obtained 7 mg of 9a,15/i,20-tnhydroxy-prost-I3(t)-enoic acid. The 
silylated methyl ester of this product has: - 
C-value: 25.5 ^ 
Molecular peak in mass spectrum: ni/e=586 
Intense peaks: 427, 337, 297, 129. 

Minor characteristic fragments: 367, 197, 170, 142, 103, 

b. In a similar way, rf/-9/J,15Mihydroxy-prost;13(t)-enoi^c acid^ prepared as ^ 
described in Preparations 4 and 8, was converted into 9/J.15/J.20-trihydroxy-prost- 10 
l3(t)-enoic acid. 

The silylated methyl ester of this product has: 
i C-value: 25.5 

' Molecular peak in mass spectrum: m/c=586 

15 Intense peaks: 427, 337, 129. 15 

: Minor characteristics fragments: 367, 297, 197, 170, 142, 103. 

c. In a similar way, 9-0X0- 15.r-hydroxy-prosta.5(c) 8(1 p,13(t)-m^ 
(PGB,) was converted by Aspergillus niger (ATCC 9142) into 9-oxo-l5f»,20- 
dihydroxy-prosta-5(c),8( 1 2), 1 3(t)-trienoic acid. 

20 The protected product has: 

C-valuc: 28,5 

Molecular peak in mass spectrum: m/e=537 
Intense peaks: 506, 416, 378, 162. 

Minor characteristic fragments: 436, 246, 232, 184, 103, , , 

d In a similar way, 9-oxo-15^-hydroxy-prosta-5(c),IO,13(t>trienoic acid (TO 
25 was transformed by Preussia/leischhakii (cBS 167.40) into 9-0X0- 1 5nr,20.dihydroxy- 

prosta-5(c),13(t)-dienoic acid. 
I , The protected product has: 

1 -!? . C-value: 27.1 

J ^ Molecular peak in mass spectrum: m/e=539 30 

t Ml^c^^^ieS^ic f^^ 438, 380, 348, 226, 220, 198, 184, 142, 103. 

e In a similar way. ^//-9-oxo-l5rr-hydroxy-l5«-methyl-20-ethyl-prost-13(t)-cnoic 
i acid, prepared as described in Preparations 7 and 8, was converted by Free^J/a 

j 35 fleischhakii (CBS 167.40) into 9-oxo-15rr,20{.dihydroxy-15/5-methyl-20i-ethyl- 

prosl-13(t)-enoic acid. 

The protected product has: 
! C-value: 27.8 

Molecular peak in mass spectrum: m/e=583 
^ Intense peaks: 396, 143, 131. 40 

^ Minor characteristic fragments: 464, 462, 366. 364, 239, 144. ^ 

r In a similar way <//.9-oxo-15,'i-hydroxy-I5a-methyl-20-ethyl-prosi-13(t)-enoic 
acid, prepared as described in Preparations 7 and 8, was transformed by Preussia 
fleischhakii {CBS 167.40) into 9-0X0-1 5/5,20^-dihydroxy-l5o'-methyl-20{-ethylprost- ^. 

45 I3(t)-enoic acid. 

The protected product has: 
C-value: 27.8 

Molecular peak in mass spectrum: m/e=583 

Intense peaks: 396, 143. 131. cq 
50 Minor characteristic fragments: 464, 462, 366, 239. 

g. In a similar way, rf/-9ri',15.r-dihydroxy-20-ethyl-prosl-l3(t)-enoic acid, 
prepared as described in Preparations 4 and 8, was converted mto 9^,15^,20/- 
trihydroxy-20$-ethyl-prost-13(t)-enoic acid. 

The protected product has: 35 
55 C-value: 26.3 

Molecular peak in mass spectrum: m/e=6l4 
Intense peaks: 427, 337, 297, 246, 131, 129. 
Minor characteristic fragments: 585, 495, 323, 310, 211. 

h. In a similar way, t//-9'r,l 5.»-dihydroxy-15/i-methyl-20-cthyI-prost-l3(l)-enoic 



27 



1 ,501 ,864 : 27 

I ' . . ^ ' / ■ ' 



The protected product has: 
C-value: 26.2 ^ 
Molecular peak in mass spectrum: m/e=628 
Intense peaks: 441, 351, 297, 143, 131. 

Minor characteristic fragments: 509, 419, 323, 239. 5 

i. In a similar way, rf/-9ri^.l5/}-dihydroxy-I5*T-methyl-20-ethyl-prost-I3(t)-enoic 
acid, prepared as described in Preparations 6 and 8, was converted into 
9/»,l5/J,20^-trihydroxy-15cr-mcthyl-20ir-cthyl-prost-l3(t)-enoic acid. 
The protected product has: 
10 C- value: 263 *^ 

Molecular peak in mass spectrum: m/c =628 
Intense peaks: 441, 351. 297, 143, 131. 
Minor ctiaracteristic fragments: 509, 419. 323, 239. 

j. In a similar way, ^//-9-oxo-15rv-hydroxy-prost-I3(t)-enoic acid, prepared as 
15 described in Preparations 3 and 8, was converted by Pythium ultimum (CBS 296.37) 15 

into 9-oxo-15a,20-dihydroxyprost-I3(t)-enoic acid. 

The protected product has: 
C-value: 27.2 

Molecular peak in mass spectrum: m/e = 54! 
20 Intense peaks: 510, 382, 222, 129. 20 

Minor characteristic fragments: 420, 368, 309, 197, 103. 

k. In a similar way, £//-9-oxo-15^-hydroxy-prost-i3(t)-enoic acid, prepared as 
described in Preparations 3 and 8, was converted by Curvularia {ri/oIii(CBS 210.59) 
into 9-oxo-I5^Hdihydroxy-prost-13(t)-enoic acid. 
25 The protected product has: 25 

C-value: i7.4 

Molecular peak in mass spectrum: m/e = 541 

Intense peaks: 510, 382, 222, 129. 

Minor characteristic fragments: 420, 368, 309, 197, 103. 

3Q I. fn a similar way, rf/-9/?,15/T^-dihydroxy-prost-13(t)-enoic acid, prepared as jq 

described in Preparations 4 and 8, was converted by Alternaria radicina (CBS 
245.67) into 9/5,15a,20-trihydroxy-prost-l3(t)-enoic acid. 

The protected product has: 
C:va!ue: 55.5 

ic Molecular peak in mass spectrum: m/e=586 

^ Intense peaks: 427, 337, 129. 

Minor characteristic fragments: 313, 297, 197, 142, 103. 

When the mold Delacroixia coronata (CBS 647.68) was fermented with the 

substrates mentioned in Examples V h and V i, the same 20*hydroxy derivatives 
40 were obtained, but as by-product only. Main products with this microorganism 

were then the 19-hydroxy derivatives of these substrates. ^ 

EXAMPLE VI. 

a. 10 mg of 9-oxo-l Kr,!5/r,l8^-trihydroxy-prost-I3(t)-enoic acid, prepared as 
described in Example III a, were dissolved in I ml of methanol. To this solution 

45 4 ml of an ethereal solution of diazomethane (containing 12 g of diazomethane 

per liter) were added. The reaction was followed by thin layer chromatography 
(SiOj, F254 Merck; ethyl acelate/heptane/acetic acid/methanol/water= 
40^20/4/6/3 v/v/v/v/v). After 30 minutes the reaction was completed. The solvent 
was evaporated in a stream of nitrogen and methyl 9-oxo-l la,15/lr,18^-trihydroxy- 
50 prosl-l3(l)-enoate was obtained as an oil. 

b. 3.7 m§ of 9-oxo-lla,15o',l9<^-irihydroxy-prost-I3(t)-enoic acid, prepared as 
described m Example III a, wci-e dissolved in 0,5 ml of ethyl acetate. To the 
solution was addecl a solution of 1.5 mg of triethanolamine in 0.5 ml of ethyl 
acetate. The resulting solution was evaporated to dryness in a stream of nitrogen 

55 and then dried in vacuum to constant weight; 9-oxo-l lAr,15ir,19<-trihydroxy- 55 

prost-13(t)-enoic acid triethanolamine salt was obtained as an oil. 

Other microorganisms capable of introducing an 18-, 19- or 20-hydroxy 
group in the prostaglandin compounds of formula II are, for example: 
Aspergillus amstelodami (CBS 521.65) 
60 Aspergillus chevalieri (CB S 4 1 4 .67) 60 
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Aspergillus Jlavus (CBS 178,74) 
Beauveria alba (CBS 348.55) 
Botryosphaeria rhodina (CBS 175.26) 
Botrytis dnerea (ATCC 12481) 
5 Coprinus bisporus (CBS 184.52) c * 

Coprinus congregatus (CBS 180.51) 

Cunninghamella blakesleeana (NRRL 1373) i 
Cunninghamella echinulata (CBS 229.51) 
Curmlaria ellisii (CBS 193.62) 
10 Diplodia alni (CBS 200.49) ,0 

Drechslera buchloes (CBS 246.49) 
Endoihiella gyrosa Sacc, (CBS 253,54) 
Entomophtora virulenta (CBS 217.66) 
Fusariunt senitecium (CBS 181.74) 

Fusarium ventricosum (CBS 205.31) 15 

Gllocladium viride Matr, (CBS 191.32) 

Gongronella butleri (CBS 259.52) 

Hormodendrum chaquense (CBS 231,36) 

Hypomyces aurantius (CBS 207.29) 
20 Hypoxylon haematostroma (CBS 255.63) 

Hypoxylon jecorinum (CBS 258.63) 

Isoachlya turoloides (CBS 598.67) 

Lycoperdon gemmatum (CBS 182.74) 

Microascus dnereus (CBS 300.61) 
25 Microascus drrosus (CBS 277.34) 

Aficroascus desmosporus (CBS 424.62) 

Mycoada stenodon (CBS 318.54) 

Nigrospora sacchari (CBS 290.62) 

Nodulisporium verrucosum (CBS 245.29) 
30 Paedlomyces cremeo-roseus (CBS 250.55) 

Paedlomyces farinosus (CBS 183.74) 

Pellicularia filamentosa (CBS 184.74) 

Pestalotia populi-nigrae (CBS 353.51) 

Petriella asymmetrica (CBS 297.58) 
35 PeirielUdium boydii (CBS 593.73) 35 

Petriellidium eUipsoideum (CBS 418.73) 

Physalospora mutila (CBS 302.36) 

Physalospora rhodina (CBS 185.74) 

Pseudonectria padiysandricola (CBS 501.63) 
40 Rhizopus nigricans (ATCC 6227*) 

Sepedonium chrysospermum (CBS 140.23) 

Septoria linicota (CBS 502.50) 

Sphaeropsis conspersa (CBS 209.25) 

Stemphylium consortiale (NRRL 2187) 
45 Thielavia hasicola (CBS 540.50) 4S 

Thielavia terricola (CBS 165.73) 

Vertidllium iecanii (CBS 123.42) 

Moreover, an 18- or 19-hydroxy group can also be introduced in the prostaglandin 
compounds of formula 11 by various species of the genus Streptomyces, for examole 
50 the species: 50 

Streptomyces chattanoogensis (ATCC 19673) 
Streptomyces chattanoogensis (ATCC 13358) 
Streptomyces natafensis (CBS 700.57) 

WHAT WE CLAIM IS:— 
formula 'f^ ' ''i' 20i-Hydroxy-prostaglandin derivatives of the general 
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wherein the dotted hne in the position 8—12 indicates the optional presence of a 
double bond, the wavy lines in position 15 indicate that the hydroxyl group and the 
group R4 are in either the or- or /J-conHguration and Z represents a — CH,CH, — or 
a CIS — CH=CH— group, and wherein R represents one of the groups: 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



« ft) 



(wherein the wavy lines indicate that the hydroxyl groups are in either the a- or /J- 
configuration and R, represents a hydrogen atom, a methyl or ethyl group) R, 
represents either an oxygen atom or a ft- or ^-hydrogen atom and an a- or fl- 
hydroxyl group, R, represents a hydrogen atom or a hydroxyl group and R. 
a^^n^B * ''y^''°8«" a methyl group, with the proviso thit (i) when r" 

^Auhii i^J"^^^- 'TT^'^X ^ hydrogen atom. R, represents an oxygen atom, a 
double bond is in tfte 8—12 position and the 15-hydroxyl group is in the or /J- 
ri^r-f "''f °K ' represent the group (b), and (ii) when k„ R, and R, each 

represent a hydrogen atom R, represents an oxygen atom, the islhydroxyl group 
IS in the a-configuration. Z represents a cis — CH=CH — group and the 1—12 

doubirbond1ntt^lL?.?°" r' 'TT''' «^°"P ^*>' (iiO when thei is a 
?k • A tr^3 Pos.'t'on. R3 does not represent a hydroxyl group and (iv) 
h^nPJJlVl "^A^ position. R, does not reprefent S oJ ^- 

?a&\1i;yVester;?he'rS^°''^' pharmaceutfcally acceptable 

(b) ^' according to Claim 1, wherein R represents the group (a) or 

d o «*;^T^**"?or^''u°!J''"8 to Claim 1, wherein R represents the group (c). 

4. 9-0x0- 5a, 8^-dihydroxy-prost-13(t)-enoic acid. ^ ^ ^ ' 

5. 9-0x0- 5a.I9i-dihydroxy-prost-13(t)-enoic acid. 

6. 9-0x0- 5^, 8^-dihydroxy-prost-13(t)-enoic acid. 
Q ^-<'f?:'¥;l9^:d'hydroxy-prost-13(t)-enoic acid. 
8. 9a. 5^. 8^-tnhydroxy.prost-I3(t)-enoic acid. 
?n ^S^i'%'9|-t"hydroxy.prost.l3(t)-enoic acid. 

?• 2^' If 8i-tnhydroxy-prost-13(t)-enoic acid. » 
1 . 9/J. 1 5/}, 1 9i-trihydroxy-prost- 1 3(t)-cnoic acid. 
i' o i""' ^ii!hydroxy-prost-5(c),8( 12), 1 3(t)-trienoic acid. 
i t'nft ??r* ' ^^<^'|'y<l'''"'y-Prosta-5(c), 1 3(t)-dienoic acid. 
4. 9^, 5a, 8^trihydroxy-prost-13(t)-enoic acid. 
^ X^'',i«'19i-tnhydroxy-prost-13(t)-enoic acid. 
16. 9a,I5a.l8i-trihydroxy-prost-13(t)-enoic acid 
o n '^^'^"hydroxy-prost-13(t)-enotc acid. 
8. 9a, 5a,l8^trihydroxy-15/?-methyi-prost-13(t)-enoic acid. 

19. 9a.l5a 19i-trihydroxy.l5/?-methyl-prost-13(t)-enoic acid. 

20. 9-0x0- 5^. 8i-dihydroxy-15^-methyl-20-ethyl-prost-13(t)-enoic acid. 

21. 9-0x0- 5/J. 9?-dihydroxy- 1 5a.methyl.20-ethyl-prost- 1 3(t)-enoic acid. 

22. 9-0x0- a irc».18^-trihydroxy-prost-13(t)-enoic acid. 

23. 9-0x0- a. 5a.l9<-tnhydroxy-prost-13(t)-enoic acid. 

24. 9-0x0- f>^,l5cn 8{-trihydroxyprosta-5(c).13(t)-dienoic acid. 

?''^?;'^^''''hyd'-oxy-prosta-5(c),13(t)-dienoic acid. 
26. 9a, 5a. 8|-tetrahydroxy-prosta-5(c).13(t)-dienoic acid. 
il 2*' l*'^f •.'?^-'«t'"^''ydroxy-prosta-5(c).l 3(t)-dienoic acid. 

f*' °^t''!hydroxy-20-ethyl-prost-13(t)-enoic acid. 
in f'*' f^-t'"!hydroxy-20-ethyl-prost-13(t)-enoic acid. 
30. 9a. 5a 18<-trihydroxy-15A-methyl-20-ethyl-prost-13(t)-enoic acid. 

Q y^^^O'^y- ' 5/5-methyl-20-ethyl.prost- 13(t)-enoic acid. 

A t"' ^^'11^ ,"^''''^' |'*^-"'«tM-20-cthyl-prost- 1 3{t)-cnoic acid. 
is Q Z'ji[^:^-L^l'^'°'^^' ' 5'»^-'"5'hyl-20-ethyl-prost- 1 3(t)-enoic acid. 

^^'.'If 20-trihydroxy-prost-13(t)-enoic acid. 

35. 9/}.15^.20-trihydroxy-prost-13(t)-enoic acid 

36. 9-0x0- 5a,20-dihydroxy-prosta-5(c),8( 1 2).l 3(t)-trienoic acid. 
ll 5«.20-dihydroxy-prosta-5(c),13(t)-dienoic acid. 

38. 9-0x0- 5a,2^.dihydroxy-15/l-methyl-20{-ethyl-prost-13(t)-enoic acid 
in '?^v2?i.;<*'5y<lro^^-' 5'»-methyi.20f-ethy|.p^ 1 3 t -enoic ac d 

40. 9a, 5a.20^ nhydroxy-20^ethyl-prost-l3(t)-enoic acid. 

41 . 9a, 1 5a,2q-trihydroxy- l5/5-methyl.20<f.ethyl-prost- 1 3(t)-cnoic acid 
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42 9a,l 5a.20{-trihydroxy- 1 5a-methyl-20{-ethyl-prost- 1 3(t)-enoic acid. 
43' 9-oxo-l5a,20-dihydroxy-prost-l3(t)-cnoic acid. 
44' 9-0x0- 1 5fl,20-dihydroxy-prost- 1 3(t)-cnoic acid. 
45. 9/J,15a.20-trihydroxy-prost-l3(t)-enoic acid. 

48: f^ocei for^Jfpr«par^^^ 18S-, iV a-d 20{.hydro„.prostaglan<l,n 

derivatives of the general formula lA, 




wherein the doited line in the position 8—12 indicates the optional presence of 
a double bond, the wavy lines in position 15 indicate that the hydroxy! group 
and the group R4 arc in either the o'- or ^-configuration and Z represents a 

CHjCFij — or a cis — CH=CH — group, and wherein R represents on of the 

groups: 

-|»e«^, 'OiCucM^^ cr -ciiC%p 

L (t) » ft) ^ (t) 

(wherein the wavy lines indicate that the hydroxy! groups are in either the a- or 
configuration and R, represents a hydrogen atom, a methyl or ethyl group), R, 
represents either an oxygen atom or a ft- or a-hydrogen atom and an a- or /i- 
hydroxy! group, R, represents a hydrogen atom or a hydroxyl group and R4 
represents a hydrogen atom or a methyl group with the proviso that (1) when there 
is a double bond in the 8 — 12 position, R3 does not represent a hydroxyl group and 
(2) when there is a double bond in the 8 — 12 position, R, does not represent a /?- or 
a-hydrogen and an a- or ,^-hydroxyl group; which comprises subjecting a 
compound of the general formula IT, 




wherein the dotted line in the position 10 — 1 1 indicates the optional presence of a 
double bond in which case the 8 — 12 position is saturated and R, represents 
hydrogen, and the other symbols arc as defined above, to the hydroxylatmg 
activity of (i) microorjganisms (or enzymes thereoO of the Division o( Eumycota or, 
(ii) when it is desired to prepare an 18- or I9-hydroxy prostaglandin derivative, 
microorganisms (or enzymes thereoO of the Family of Streptomycetaceae and, if 
desired, converting the resulting hydroxy-prostaglandin derivative of formula I 
into a pharmaceutically acceptable salt or allcyl ester thereof, with the proviso that 
when the microorganism is Cunninghamella blakesleena (ATCC 9245), the 
compound of formula II is not 15(5)-hydroxy-9-oxo-prosta-5(C),IO(t),13(t)-trienoic 

acid (PGAj). . ^. , . ^ 

49. Process according to Claim 48, wherem the compound which is subjected 
to hydroxylating activity is a compound of the general formiila III, 



m 



wherein Z, Rj, Rj and R4 are as defined in Claim 48. , . . • 

50. Process according to claim 48 or 49, wherein the compound which is 
subjected to hydroxylating activity is 
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9-oxo- 1 5a-hydroxy-prosta-5(c), 10, 1 3(tHr!enoic acid, 
9.0x0- 1 5a-hydroxy-prosta-5(c),8( 1 2), 1 3(tHricnoic acid, 
9-0x0- 1 la,15ar-dihydroxy-prost-I3(t)-enoic acid, 
9-oxo-Ilar.l5aKlihydroxy.prosta.5(c)J3Ct)-di^ acid, 
> 9a,!Ia,15a-tnhydroxy-prost-13(t)-enoic acid, 5 

9/J, 11 a, 1 5a-trihydroxy-prost- 1 3(t)-enoic acid, 
9a,lla,15a'-trihydroxy-prosta-5(c),13(t)-dienoic acid or 
9/J, n a, 1 5a-tnhydroxy-prosta-5(c), 1 3(t)-dienoic acid. 

51. A process according to any one of claims 48—50, wherein the micro- 
organism (or enzyme thereoQ is of the Division of Eumycoia or Strepto- 10 
mycetaceae and an 18- or 19-hydroxy-prostaglandin is obtained. 

A ^ process according to claim 51, wherein the microorganisms are of the 
Urders Oomycetes, Coelomycetes, Hyphomycetes. Gasteromyceies. Hymenomycetes 
Fleciomycetes. Pyrenomycetes, Loculooscomycetes or Zygomycetes. 

53 A process according to claim 51, wherein the microorganisms arc of the 15 
genus Streptdmycetes. 

54. A process according to any one of claims 48—50, wherein the 
microorganism (or enzyme IhereoO is of the Division of Eumycota and a 20- 
hydroxy prostaglandin is obtained. 

55. A process according to claim 54, wherein the microorganisms are of the 20 
Orders Oomycetes, Coelomycetes, Hyphomycetes, Gasteromycetes, Hymenomycetes 
Ptectomycetes, Pyrenomycetes, Loculoascomycetes or Zygomycetes. 

56. A process according to claim 48, substantially as hereinbefore described 
with reference to any one of the Examples. 

25 57. A hydroxy prostaglandin derivative obtained by a process accordine to 25 

any one of claims 48 — 56. ^ ^ & 

58. An 18- or I9-hydroxy prostaglandin derivative obtained by a process 
accordmg to claim 51. . k 

30 claim 20-hydroxy prostaglandin derivative obtained by a process according to 

60 A pharmaceutical composition comprising, as active ingredient, a hydroxy 
prostaglandin derivative according to any one of claims 1 — 47 or 57—59, together 
with a pharmaceutically acceptable carrier, 
-e ^ composition according to claim 60, wherein the active ingredient is in 

accordance with claim 2 or 58. 

62, A coniposltlon according to claim 60, wherein the active ingredient is in 
accordance with claim 3 or 59. 

J. A. KEMP & CO., 
Chartered Patent Agents, 
14, South Square, 
Gray's Tnn, 
London WCl R 5EU. 

Reference has been directed in pursuance of section 9, subsection (IV of the 
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